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ABSTRACT
DO The HELOSCAT is a helicopter-borne FM-CW radar capable of acquiring differ-
i: ' ential radar cross-section data over a wide range of frequencies (4-18 GHz),
k{ ) polarizations (VV, HH, HV) and angles of incidence (10° - 70°). A technical

description is provided.
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10° to Zgj; as &pecified in<?ablsﬁh. All control, including that of the angles

1.0 INTRODUCTION
The value of all-weather, day-night radar reconnaissance of sea ice has been

well established by empirical means. Such techniques are used by scientists and
Arctic operators in various countries of the Arctic basin. Although aircraft
radar monitoring systems are in operational use, knowledge of the nature of the
interaction between microwaves and ice is still sufficiently incomplete that
design of future systems cannot yet be optimized. Furthermore, this knowledge
is important to a fuller understanding of the observations made both by operational
systems and experimental systems, both of which are radars designed for other
purposes.

>The purpose of this report is to provide a detailed technical description ‘
of the University of Kansas helicopter-borne microwave active spectrometer (HELOSCAT).
A major advantage of this calibrated system is the mobility of the helicopter
platform=-it has the advantages of both 1 ground-based system and an aircraft sys-
tem without many of the inherent disadvantages. The Bell 206 helicopter was

~ chosen as the best platform because of its wide availability in the High Arctic

(and continental U.S., for that matter) and its low operating cost when compared

to its sister aircraft, the Bell 205 and 212. Costs are in the range of $350/flight
hour with a fuel consumption of 30 gallons per hour. In contrast, the larger

Bell 205 costs are $1000/hour with a fuel consumption of 80 gallons per hour.

~\This system fe- -es the ability to acquire data at fﬁequenciegrfrom 4 to

18 GHz with like~ and cross-antenna polarizations and angles of incidence from

and antenna polarizations, is from within the aircraft. Frequency selection

may be performed both manually or via microprocessor. The microprocessor also
multiplexes data from a fast true rms detector (0.! second average) and an aver-
aging true rms detector (1 second average). Information such as the modulation
frequency of the oscillator control signal, the altitude determined by the HELOSCAT
radar altimeter, a test-site code and the time of a measurement is placed onto
digital cassette tape by the microprocessor. An automatic tracking loop is used

to compensate for variations in aircraft altitude and attitude by locking the
processing circuitry onto the targe* returns., Much work has been done to make

the radar into a small, lightweight and easily installed package.
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TABLE 1

HELOSCAT 11§ SYSTEM SPECIFICATIONS

Frequency Range

Modulating Waveform

FM Swee;

Transmitter Power

Intermediate Frequency

IF Bandwidth

Antennas:
No. |
Size

Polarization

Beamwidths (Be)

No. 2
Size

Polarization

Beamwidths Ge)

No, 1/2
Size

Polarization

Beamwidths (8 e)

Incidence Angles

Calibration:
internal
External

Altitude

FM=-CW
4-18 GHz
Triangular
800 MHz
14-19 dBm
50 kHz
13.5 kHz

Log-Periodic Feed Reflectors

7° and 2.9° at
.6 and 13.6 GHz

7° and 1.9° at
6 and 13.6 GHz

64 cm and 61 cm

Cross

6.3°, 4.2°, 3.2° and 2.3° at
4.8, 7.2, 9.6 and 13.6 GHz

10° to 70° from nadir

Signal Injection (delay line)
Luneberg lens

30 m for ® = 10° to 50°
1S m for 8 = 60° and 70°
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2.0 A BRIEF ACCOUNT OF RADAR CROSS~SECTION THEORY

A radar scatterometer is a device that accurately measures the strength of
an observed signal which evolves due to the scattering properties of an observed
region [1]. The radar backscatter is described in terms of the differential
radar cross-section ¢°. This representation is used because backscatter is assumed
to be the incoherent collection of a very large number of separate scatterers.
This says that the scatterers are sufficiently randomized in the resolution cell
that the received power from each may be added to the power from all the others
without consideration for phase.

2.1 Modified Radar Equation

When sensing a target where the radar parameters remain essentially unchanged
from one part of the resolution cell to the other, the following modified radar
equation may be applied [2]:

P = PthGri"ozlLL
(4m) RT

(1)

where:

= received power

= transmitted power

= transmit antenna gain
= receive antenna gain

= wavelength

o > = Lo B o -

o = differential scattering cross-section per unit area

AlLL = [lluminated area

RT = range to target

2.2 Determination of Differential Scattering Cross-Section

The power for a radar may be measured directly by use of a square-law detec-
tor. This power may be related to the returned power at the receive-antenna port
through an unknown constant, KT, which represents the effects of the receiver gain
as well as the attenuation and conversion losses between antenna and detector,

We can then relate the detector power, PT’ to the returned power.
' 2.0
PthGrA o] A\LL

(4m) 3n

Pr= k2 (2)

. . - o o a o R . o _ .
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Immediately before and after recording the return from the target of interest,

a coaxial delay line of loss L is switched into the circuit at the antenna ports
to replace the path through the transmit antenna to the target and back through
the receive antenna.

The power after square-law detection is given by:

2
PoLt = Kp Pet (3)
Taking the ratios of equations (2) and (3), we have:

20
P GtGrA o] AILL

T
= (4)
DLT (hw)BR;EL

P

As can be seen in the above equation, variations in transmitted power and
the effects of variations in cable loss, mixer conversion loss, receiver gain,
etc., are removed.

To complete calibration of the system, the returns from a standard target
of known radar cross-section are measured. The standard radar target used in
the Arctic backscatter experiments is a Luneberg lens. The returned power of

the standard radar target i{s given by:

2
2 Pe8e8pt Ispr
Prens = K [ 3 ] (5)
(47)°R
c
where:
Kc = system constant K at time of calibration
RC = range to standard radar target

OrT = radar cross-section of standard radar target

The power detected through the coaxial delay line at the time of calibration

using the standard radar target is given by:

2
PDLL = Kc PtL (6)

The ratio of equations (5) and (6) is given by:

2
Prens  G¢8r) 9srr
JLENS

DLL (hn)BR;EI
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Note that variation in PT and Kc do not appear in the ratio. Combining equation

(7) with the inverse of equation (4) yields the following when solved for o°:

4
o0 PrPoLLRr 9srT

TR PR ®
oLt LeEnsRe ArLL

expressed in dB may be written as follows:

o°(dB) = P (d8) - (dB) - (aB) + Py, (dB)

PLENS PoLT

+ 40 log (Ri/R_) + oo {dB) = 10 log AL (9)

PT(dB), PDLT(dB)’ PLENS(dB) and PDLL(dB) are measured and recorded at the time
of the experiment.

2.3 Illuminated Area

The illuminated area is calculated using the geometry shown in Figure 2.1,
The projection of a radar beam in the form of an elliptical cone as seen on the

ground is a skewed ellipse. The area of the ellipse is calculated as
m™ . . . .
AL = E-(maJor axis) (Minor axis)

Note that the major axis lies in the elevation plane and the minor axis lies in
the azimuthal plane. From the geometry of Figure 2.1, expressions for the major

and minor axes were derived.

Moxis = RTcose[tan(e + BE/Z) - tan(s - BE/Z)]

mois = 2Rg tan(BA/Z) (10)

and

AILL = (n/Z)RTzcose-tan(BA/Z)-[tan(e + BE/Z) - tan(® - BE/Z)] an

AILL = jlluminated area

= major axis

= minor axis

RT = range to target

8 = pointing angle of antennas off vertical

BE = effective gain product beamwidth in the elevation plane

BA = effective gain product beamwidth in the azimuthal plane
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Figure 2.1: Radar System Geometry
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2.4 Relationship Between Range and Oscillator Modulation Rate

For a given target at range R, the time that returned signals are delayed
when referenced to the transmitted signal is 2R/c. An illustration of the fre-
quency relationship between the transmitted and received signals for triangular
frequency modulation is shown in Figure 2.2. Using similar triangles it may be

shown that:

2R/c _ ]/(hfm) (12)
le af/2
or
R = f pc/baff (13)
where:
R = equivalent free-space range to target
¢ = free-space velocity of light in m/sec
fm = oscillator modulation frequency
le = intermediate frequency
Af = sweep width of RF signal

However, equation (13) does not account for the delay that occurs due to the
travel of the radar signal within the radar itself. To account for this delay a

range term associated with this time delay, RD, must be added to equation (13).

R = fIFc/QAffm - R (14)

D

2.5 Range Limiting by IF Bandpass Filter

A bandpass filter is used in the processing of the intermediate frequency
return signals acquired from the earth scene. This filter limits signal proces-
sing to the intermediate frequencies which exist within its bandwidth or, equi-
valently, to the scatterers which are located within a resolution cell determined
by the filter bandwidth, Normally the range of the return siynal intermediate
frequencies is limited by the filter action of the antenna pattern. However, IF
filter limiting will occur when the radar beamwidth range resolution becomes

greater than the IF filter resolution. The beamwidth resolution is given by:

AR = R cos6[sec(s + BE/Z) - sec(e - BE/Z)] (1)

The filter resolution is given by:

= {
AR 7 (16)
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Simplified FM-CW Radar System
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where Ale = IF filter bandwidth,

If the incidence angle exceeds the value for which AR is the same in (15)
and (16), the IF bandpass filter starts to cut off the returns from the ranges
which correspond to the IF frequency of outside its bandwidth, resulting in the
reduction of illuminated area. The following is a summary effect on illuminated
area [3].

From Figure 2.3, a and b are the semi-major and semi-minor axes as given by
equations (10) and (11). @) and a, are the range limits set by the filter and
given by:

1=-Af

ap = (R + Rp)o— - (17)
1+AF
a, = (R + RD)2fc (18)

where fc is the center frequency of the filter and Af is the bandwidth of the
filter. 1] and 12 are the distance from the center of the beam to the edges of
the beam, and X and x, are the distances to the range limits of the filter.

K is the distance to the center of the ellipse. From Figure 2.3, the following

equations are easily obtained:

y = hetan(s - 8./2) (19)
K=y + a (20)
2, = (hetane) - v (21)
22 = 2a - 9,] (22)
‘ hetang - Va2 - h2 ifa >h
x] = 1 1 —
| hetane ifa <h (23)

= 2 . -
Xy /hz h2 - hetane (24)

Depending on the relations between X and 11 and between ) and 12, the following

four cases can arise.
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Case 1:
The filter completely covers the antenna beamwidth (see Figure 2.4) when

X > 2] and Xy > Ly This is the case treated in the beginning of this section.

Case 2:
The filter partially covers the radar resolution (see Figure 2.5) when

Xy < zl and Xy > zz.

G = h-tans - x | (25)

The equations for the ellipse and the equal range circle are given, respectively,
by

2 2
(x = K) _
-—2-——+l-2--1 (26)
a b
and
xz + yz = GZ (27)

Solving these two equations for the intersection point Y,

v = [Kb? - /aZb2KZ = aZ(GZ - b2) (b2 - a2)1/(b2 - a2) (28)

The arca which should be subtracted from the whole ellipse is,

¥ G
area = 2[ [ b/T = (x=K)</a<€ dx + f VGZ = xZ dx (29)
Y Y
Solving equation (29), we have
ab 62
area = S~ (e] - snnzel) + 5 (262 - s:n282) (30)

where:

0, = cos ™ ((h - ¥)/a)

62 = cos-‘(W/G)

Therefore, the resultant illuminated area for Case 2 is:

Aj L = mab - area (31)

where area is given by equation (30).
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Figure 2.4: Shows Filter Completely Covering Radar
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Case 3:
The filter partially covers radar resolution (see Figure 2.6) when
X) > 2] and Xy < 22. Now,
G = hetang + X, (32)

The shaded area can be calculated along the same lines as in Case 2 and is given
by

¥ G
AL ™ 2] ] bY1 = (x=-K)%/aZ dx + J /62 - x2 dx (33)
Y y

Solving equation (33), we have

A, =22 (g - sinze,) + 53 (20., - sin2e.) (34)
L = 7 '8y 7 sin28y) + 5= (26, - sin28, 3
Case bL:

The filter resolution is completely inside the radar beam (see Figure 2.7)

when Xy < 2' and Xy < 22. Here,
G‘ = hetand - x‘
G, = hetand + x, (35)

and the illuminated area becomes

¥, G2 Gy

bVl - (x-K)2/a? dx + j V62 - x2 dx - J V62 - x2 dx (36)
‘1’2 ¥,

A = 2l J
¥

2.6 Effective Antenna Beamwidth

The effective beamwidths for the two-way antenna pattern is used in calcu-
lating the illuminated area. |f the sidelobe levels are considered low enough
to be neglected then the one-way antenna pattern may be fit with a Gaussian
function, Gg(8), and
2

)

GS(G) = Go-exp('ez/zeo (37)

where:
Go = gain of the antenna
8 = angle off axis

eo = constant.
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Figure 2.6: Shows Filter Partially Covering Radar
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Since at the half-power points, 6 = 8/2, the gain is one-half Go’ the Gaussian

antenna pattern requires only a knowledge of £ and can be expressed as

65(0) = G cexp(~b-1n2-0%/8%) (38)

0

If two antennas with power patterns G‘(e) and Gz(e) are used for transmission and

reception, the product pattern may be expressed as
G,,(0) = G]GZ-exp[(-hvan)(SZ/Blz + 62/822)] (39)

The gain will be reduced to one-half G,G, when § = 6]2/2, therefore

- 2p 2 2 2

By, = V81%8,%/(8,% + 8,%) (40)

If the same antenna is used for transmission and reception, then B8 = B‘ = 82 and
Bip = g//Z (41)

In making the calculation of illuminated area it is assumed that all the
power in the antenna pattern is concentrated into a cone with a gain of Go
and a beamwidth of BEFF' The effective beamwidth, BEFF’ can be obtained for
any antenna patterpn by integrating the volume and then.dividing this volume by

the maximum gain. Therefore,

8
L 2 ¢ (S
J f G(8)sing dodg & f J Gysin® dode (42)
o o o o :
which reduces to
i Berr
I exp(-h-lnz'ez/slzz) sing do & f Z Sing de
o
o
= 1 - cos(Bgpe/2) (43)
or
-1 T 2 2 .
Bepp = 2c0S (- fo exp(1b4+1n2+9 /815 Yesing de

= 1.2018,, (44)
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3.0 GENERAL DESCRIPTION

The radar may be divided into five sub-systems: (1) the power and I|F pro=
cessing module (PIPM), which consists of a DC/AC converter, DC power supplies,
IF signal-processing circuitry, and the tuning signal generators; (2) the data
acquisition module (DAM), which houses a microprocessor, an A/D converter, a
rapidly responding RMS detector, a frequency counter, an averaging RMS detector,
a digital altitude display and a digital cassette recorder, and the external RF
module (RFM), which houses the microwave componentry; (3) the wide-band parabolic
dish antennae; (4) the antenna support structure and actuator; and (5) the radar
altimeter. Each of these sub-systems is described in more detail. Descriptions
of their functions or operation is in the main body of this report, whereas cir-
cuit board layouts, test procedures, and wiring diagrams are located in the

appendix.

3.1 Description of the Interior Equipment Package

3.1.1 Inverter/Actuator Module

This module consists of a Flitetronics static inverter and actuator control
circuitry. The static inverter converts the aircraft +28 V DC to 115 V AC at
LOO Hz. An actuator controls the antenna look angle and requires +12 V DC for
its operation. A dedicated series regulator is used for the DC-AC conversion,
Dual relays allow directional control of the actuator.

3.1.2 DC Power Module

DC voltages are required for system operation. Series regulators convert

the +28 V to +18, +15, +12, Three terminal regulators convert the =18 V to -15,
-12, and -5. The =18 V and -5 V are obtained using AC-DC converters,

3.1.3 FM/IF Module

This module includes the electronic circuitry which produces the tuning sig-
nals which modulate the RF oscillators, circuitry which track target returns,
and |F processing circuitry, Switches which select the mode of operation of
the radar are also located here.

3.1.3.1 Oscillator Tuning Signal Generator

The external RF module contains two Yig-tuned oscillators which can cover
the frequency bands from 4-18 GHz. These oscillators are frequency-modulated

using a triangular waveform obtained from a waveform generator whose frequency

can be voltage controlled., The triangle waveform and the output from a digitalk
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to-analog converter are summed together to drive the oscillators to a given fre-

quency and then sweep about this frequency. This center frequency may be manually
!; set using a rotary switch located on the front panel of the data acquisition
. . module or automatically set by the microprocessor.

3.1.3.2 Range-Tracker
The circuitry used to track the target returns, range tracker, is in its

!l second generation. The original used in the TRAMAS system is described in

RSL TM 331-19 [4]. Since the intermediate frequency coming out of the mixer is
directly proportional both to the sweep rate and to the time delay associated with

.
r-
Y
|

the range to the target, a range-tracker can keep the centroid of the IF response
at a desired frequency by detecting the signal centroid and controlling the sweep
rate. This is done by taking the range-tracker output voltage to the frequency
control port of the triangle generator. A detailed discussion is included in
Appendix F.
3.1.3.3 IF Processor

The mixer IF output is routed through a 35 kHz high-pass filter, an impedance
transformer, an IF amplifier, and then a 50 kHz bandpass filter. The processed
signal is then detected by an averaging true rms voltmeter which is sampled
every 0.5 second and by a fast rms voltmeter which is sampled every 0.5 second.
The bandpass-filter output is also used in locating the frequency centroid of the
target return which is required by the range tracker.

3.1.3.4 Radar-Mode and Sweep-Rate Control Circuitry

This module provides most of the control switches for the various modes of

operation and also the miscellaneous circuits for these purposes.
3.1.3.4.1 Radar Mode

A 2-deck, S-position rotary switch provides the control voltages to set the
radar into one of 4 modes of operation. The modes of operation are: delay-line
calibration and VV, HH and VH antenna polarizations. The RF switches which are
set by these control voltages are located in the external RF module. A descrip-
tion of these 4 operating modes is found in Section 3.3.

3.1.3.4.2 Oscillator Tuning Voltage Sweep Rate

The sweep rate of the oscillator tuning voltage may be controlled using
the manual fM adjust located on this module, If the range-tracker is used, the
sweep rate is adjusted via the range tracker. A reset to a selected sweep rate
is provided in the tracking circuitry. This frequency is set by using the

""track FM adjustment."
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3.1.3.4.3 Sweep Width Select

A three-position slide switch located on the front panel of this module is

used to select the width of the RF frequency sweep. For scatterometry the switch
is set in the RO position. The other two positions are for use when probing with

radar. They increase the bandwidth over which the oscillators sweep.

3.2 Description of the Data Acquisition Module

In this module the processed target power returns are displayed and detected.
The helicopter altitude and the sweep rate are also displayed. The RF center fre-
quency select switch, the site encoder, the digital cassette recorder, and the
computer reset are located on the front panel of the module. Housed inside the
module is the Intel 8080-based microcomputer.

3.2.1 Fast RMS Detector

The mean square of a signal is obtained by squaring and averaging the squared

instantaneous value over the sampling interval. The root-mean-square is obtained
by taking the square root of the mean-square value. Commercial true root-mean-
square detectors typically employ a square law detector and an RC or op-amp inte-
grator to obtain the average value. These instruments have settling times greater
than 1 sec, making them unsuitable for fast data acquisition. A fast-rms detector
based on two standard settling times of less than 25 m/s was developed to allow
data collection at 0.1 sec intervals. Errors are less than 1% to 2% in the final
readings for input signals in the expected input range from 0.25 mV to 1.5 V,
The outputs from each of the two rms moduies are supplied to an A/D converter also
located in the module. Channel 1 of the fast'rms detector is valid for signals
from 0.25 mV to 25 mV, while Channel 2 is valid for signals from 25 mV to 1.5 V.

3.2.2 A/D Converter

A miniature modular data acquisition system is used to convert the analog
input signals into the output data which is buffered three-state for interfacing
with the microcomputer. Two channels of fast true-rms, the altitude and the site
encoder are read. The fastest read rate is 50 kHz, the resolution is 12 bits,
and the pin-programmed input range is 0 to +5 V,

3.2.3 Microcomputer System

The Intel SBC-80/10 is a complete single-board computer system, The CPU,
system clock, read/write memory, nonvolatile read-only memory, 1/0 ports and
drivers, serial communications interface, bus logic and drivers all reside on the

board. The central processor is the 8080A which contains 6 8-bit general purpose
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- registers and an accumulator, The board contains 1K of random-access-memory and
4K of read-only memory. There are 48 programmable parallel 1/0 lines. The mem-

1 ory and 1/0 capabilities were expanded by an additional 4K of random-access-memory,
8K of read-only-memory and 48 parallel 1/0 lines by adding the SBC-104 memory
expansion board.

During data acquisition, the contents of the microcomputer memory are sent
to a digital cassette recorder for permanent storage. The recorder interfaces
to the CPU via one of the bi-directional parallel ports. It is controlled by
- software and provides its own error checking during read and write operations.
The data is recorded using phase shift keying at a recording density of 800 bits
:‘ per inch. With standard digital cassette tapes this allows over 150 minutes of
] data to be recorded per cassette side.
The operator interfaces with the computer using a hand-held pocket terminal.
1 It is capable of generating and transmitting all 128 ASCI| codes. The codes are
&1 sent to the microcomputer as an 8-bit serial stream. A display section consists
3 of 8 "starburst'' LED display characters received from the processor. The terminal

contains an internal 30 character buffer which can be displayed by moving the

8 LED "window'' across it. Whenever possible, 1/0 was limited to fewer than 8
characters so that the window did not have to be moved.

The microcomputer software was written to acquire a real time data stream
by sampling the various instruments, allow the writing of text records onto the
cassette tape, allow the dumping of the recorded data into various formats, allow

computer control of the RF frequency, provide a test loop to determine if all

devices are being read properly by the computer, allow operator control of the
digital cassette recorder, and provide time tags based on the computer's real time
clock.

3.3 RF Module and Antennae

The RF oscillators and the microwave components of the radar are housed in
this module. This module is located directly behind the 24-inch dish antenna.
Rigid coax links the module to the feeds of the antennae and multiconductor and
flexible coax cables link the module to the FM/IF module.

Two antennae are required by this radar which operates in four modes, Three
of the modes control the antenna polarizations for transmission and reception.

For HH-polarization, only the 2k-inch dish is used; for VV-polarization the 18-inch
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is used alone; if both antennae are used, the polarization is VH. In the

fourth mode the RF signal is sent via flexible coax to the open-circuited delay

line

3.b

from

located in the FM/!F module for internal calibration.

Altimeter
A Bonzer Mini-Mark radar altimeter provides accurate altitude information

45 to 1000 feet. It is mounted to the helicopter using the cargo-hook hard

points. A three-conductor cable connects the altimeter to the back panel connec-

tor of the Data Acquisition Module, where a digital panel meter is used as the

indicator for the altimeter. The altimeter output also goes to the A/D converter

for recording.

(1]

(2]

(3]

(4]
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tnput Current:

Output Voltage:

Power Output:
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Efficiency:
Temperature:
Weight:
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Manufacturer:
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Current Draw:
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INVERTER/ACTUATOR MODULE

400 Hz STATIC INVERTER

28 VOC + 2.0 VDC

31 A Full Load and 1 A No Load

115 VAC and 26 VAC

600 VA Continuous

88 V Transients on 28 V Line for 1 ms
70% at Full Load

-55° C to 70° €

14.6 1bs.

8-1/2" W x 12" L x 4-1/16" H

Description

Output: 26 VAC

Output: 115 VAC

Qutput: Common AC return
Input: + 28 VDC

NC

Chassis Ground Input DC Return
NC

NC

Oscillator Sync.

Al.2 12 VDC ACTUATOR

Saginaw
5703605
750 1bs.
22 A max
4 inches
1.1 in /sec




26 

Al.3 VOLTAGE REGULATOR

DESCRIPTION

The LAS 7200 Series of Power Hybrid Voluqo Reguiators is
for ap quinng a well iated OUtOut voltage

for load t i wpto 30 peres. A key festure of the

LAS series of Power Hybnid Voitage chumon 13 113 construction.

A hgh degree of the heat ¢

power slements and the heat trol and o'o-

ments is acrueved Dy the placing of the power section on the heat-
dissipating base of the unit. and the control stage on the heat-
diss:ipanng upper surface. This thermal isolation resuits in extremety
low anftch tor ges in power levels.

OUTLINE DRAWING
4

f_l

e

R
= 2 to e I '
Sres m-uu_/ ‘-é
0% -wr

ww r— —cant ¢ «lome

OUTLINE DRAWING, POWER HYBRID
VOLTAGE REGULATUR, LAS 7000 SERIES

ELECTRICAL CHARACTERISTICS

Stangoy current ...........
Power dissipation ..
Thermat resistance mncuon—Cau LLi
Storage temperature .
Power transistor junction temperature|. T,
Regulationhine® ...................
Regulation 1caa® ... ...,

Pregrammung resistance |
Programming voltage ...

PARAMETER SYMBOL CONDITION
inputvoltagetopn (1)~= _......... L Vel ...o.

Input voltage to pin (20)~* .., ..... Vi (20) .

Outputvoltage .............oeveee. T S

input-outout cilferentiali™* . _ ... . (Vi {1)=Vo) {.

Input-output ditferential** ..., ... . . (Vi (20)-Vo} |.
Outoutcurrent ..............vue... ..lo

Stangby current . ........ ...l ..

L. 1000 nomina | ...onmsivott
..one/one ....J...voll/volt

Temperature coethicient . Sliems L ... %C
Rippie attenuation* . :t."(‘la)‘m:-;‘num B PR ....a8
LAS 7G00 SERIES
CONNECTION DIAGRAMS
on.h' !!'I[ ” —~ ( '_-‘*, V‘
somraene s Y IESKXCS @_93 { %
. gV IVEY D [s 1] E 3
L SR ' ‘?———-’
c 006 @ I — -
P P TP ="
- = .. i
- - 'J:"
) &
9-PIN POWER HYBRID VOLTAGE T‘I
REGULATOR

DUAL TRACKING POWER HYBRID
VOLTAGE REGULATOR

Xz
r n " .
3 I = r—-’—°~ NOTES:

——— T 1.
- z 2 83} unl B8
= 7 2
= SOH
‘ =< ] 4,
! . he 11174
S.
POSITIVE POWER HYBRID VOLTAGE
REGULATOR CIRCUIT
]

Mimimum value of nout filter capacitors C1 ang €3 s
determinea by C1! C3 = 19X {20300 mia/smo! reccmmenged
Minimum vaiye of outout caosciton C2 enn C4 Is determineg
by €2 C3 = 15X 1100 mig/amo}

Minimum vaive of Outout vOItaoe edivst renstors A1 ana R3
determineg by AV RJ«10.25Vq 1 10060N/V) ohms
wirewound, U fent hghest s1ancard value,

Values of tracuing relerence voitme aivider resintors R2 and
R4 10r 21l MOARIS are Getermined Dy

Ll A2 = (2000VyH = 2490) ohmy 1 1% %W Tim

b R4 = 249K onmy ¢ 1% W tim

Rectifiers CAY ana CR 2 should De rated at peae snverm
voltrie of SOV anG 100 ward curennt sauat 81 'Past 16 Mae m,m




M JEL G AL EAD SR A EEe cELaih Mb SEM aae gy

P

Model :

Voltage
Current:
Requlation:
Ripple:

Noise:

Temp. Coef.:

AC Input:

lnput Power:
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LAMBDA DC POWER SUPPLY MODULE

LOS-x-5
S+5% v
9.0 A max
.15%
1.5 mV rus
5 mV p-p
.03% /°C
105~125 VAC at 47
160 Watts
0° C to 60°

Overvoltage Protectors

L-12-0Qv-5
6.6:.2 '
12 A

LOS-x=-20
20 + 53 v
3.8 A max

440 Hz
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A3.1 IF Amplifier

Model: HP L465A

Freq: 5 Hz to 1 MHz

A3. FM/IF Module

Output: > 10 volts rms open circuit; > 5 volts rms into 50 ohms

(+ 2 W),

Impedance: 10 M ohm shunted by < 20 pF

Qutput Impedence:

Power: 115 or 230 V; 50 to 400 Hz; 10 watts

A3.2 IF Filters

Manufacturer
Allen Avionics

Cut-off frequencies (fc)
3 dB max:

Impedance range

Maximum ripple

Maximum insertion loss

50 @

High Pass
F503

35 kHz

5002 in; 10 KR out

1 d8

2 d8B

Band Pass

F504

43,4 kHz, 56.8 kHz

50 in; 502 out

2 dB
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ANALOG INPUTS
Number ot Channeis

Common Mode Range. min.
Maa. input Voitsge,
no damage
Input Impedence
input Biss Current
input Capacitance
OFF channel
ON channel

-30-
DATA ACQUISITION MODULE
DATEL MDAS-16 A/D CONVERTER

16 Single Ended (MDAS .16}
8 Ditterent:a) (IMOAS-80)

Oto +SV 0 to +10V

22 5V 25V. 210V

210V

215V

100 megonms

3nA. 10nA max O to 70°C

10 pf
100pF

ACCURACY

Resolution . ..
Ercor, max. SOz sampling
Nonlinesnity. max

Ditt. Noniine:
Gain Error
Ottset Esror
Temp. Coeft of Gan. max.
Temp. Coett. of Otfset. max
Dift. Linsanty Tempco. max
Common Mcde Rejec.. min.

12 Buts

£ 025% of FSR
13 LSB

t LS8

Ag) to ter0

Ag) to zero
+30pom/°C
21700m/°C of F$
+3ppm°C of FS
70 08 at ! kM2

Monotonicity

Power Supply Rejection

0°C 10 70°C
01%/% Supply

Acquisition Time
Conversian Time
Aperture Time. man

Feedthrough. max

Sample- “oid Droop. max

Channel Crosstaik {Mux.)

OYNAMIC CHARACTERISTICS
Throughput Rate. mex

50 kHz

6 psec.

14 usec.

100 nsec.

200 uV/msee.
1e,

Q1%
80 aB at 1 kHz

DIGITAL OUTPUTS
Peraiiel Data Out

Coding

Senel Out

Mux Address Qut

Oelay Out
Clock Out
EDC (Stetus)
MS8 Out
M58 Out

12 paraitel hnes of bulfered tri-
siate oulput data

Drives 12 TTL 10aas
Straigntdinary oftsetbinary and
1wo § compiement

Qutput ga1a n MSB tirst NRZ
format Stragnionacy angottset
binarv coding

Orives 5 TTL ioaas

BuHered oulput o' aadress
register

Drives 20 TTL ioaas

Orives 5 TTL roads

Orives 5 TTL loads

Orives 4 TTL loads

Orives S TTL ioads

Orives 5 TTL loacs

DIGITAL INPUTS
Eneble

Mus Address In

Strobe
A/D Trigger

A/D Trigger
Musz Ensdie

Count Enadble
Cnai En-Elc
Clear Ensble

MSB In
Short Cycle

DO 310 1nDUIS wiICh eNadie
318 Oulpuls 1n 4 Dt Dyles

1 TTL ioaa

J b IMDAS -80) or 4 b1t
{MDAS - 16) binary a0aress

1 LS TTL loag

1 LS TTL loag with 10K pull up
resistor

1 LS TTL load with 10K puil-up
resisi0f

1 LS TTL Loso

1 TTL load wuh 10K pull-up
1881510/

1 LS TTL 1038 with 10K pull-up
resstor

1 LS TTL loao with 10K puli-up
resisior

1 LS TTL icad with 10K puli up
reyi1s1or

1 TTL losa

1 TTL j0a0 with 10K pull-up
resistor

POWER REQUIREMENT

+1SVDC :0 5v @ 65ma
15V0C :0 5V @ 60 mA
-SVOC :0 25V @ 200ma

PHYSICAL ENVIRONMENTAL

QOperating Temp Range C°Cto 70°C

Storage Tempe. sture Range 29°C 1o -85°C

Package Sue 46%295«0175 inches
(11682635295 mm

Pachage Type Stee snieicted on 5 sides

Weight 6oz (170 ¢

NOTES. 1 All ouiouts are Vout ( 'O 1504V Vour{ '} 122 &V
R

2 AlLinputs sre Vin ( 07) <0 BV Ving 1) 220V

ORDERING INFORMATION

Price (19 (100°s}
MDAS6 ............. $295.00 $195.00
MDASBD ... .. ..... .. . $295.00 $195 00

These moduies are 250 availadie in extended temperature
range versions designated with the sutfix EX (-25°C 1o
+85°C) or EXX-HS +55°C t0 857C) with hermeticaily
sealed semiconductor components Contact tactory

tor price ana dewwvery

Included with each module 1S a mating rignt-angle

72 oin connector {AMP 3-86063-2) Aaditronat con-
nectors May also be crdered by the foliowing number:
$8-2082010 Connector $10 00 each.

Trimeming Potentiometers TP 20K $3.00 each

Multipiexer exnander modules are 350 avaiiadle.
The MDXP 32 adds 32 single ended or 16 dfferential
channeis with control logic. Price 1t $199.00

The MDXP-32 1 15 identical but without control 10gic.

Prce 15 5179 00

PIN CONNECTIONS tor MDAS-18

Top Bottom
*1SvOC 1" -18v0C
Anglog Gra 27 Anslog Gnd
ch Oin ar Cnh Bin
ch Vin a7 Chr 91n
ch 21n 37 Cn 101n
Ch Jin (33 Ch 1t 1n
Ch 41in tad Ch 121In
Ch Sin av Ch 131in
Ch 6in " Ch 1amn
Ch 71in 107 Ch 1S tn
Amghtiet In My 117 Amphiier 10 Lo
Aange ! Seiect 1727 Range 2 Seiect
Sampte Moid Out 137 amoniar Qut
Enspie iBity 1.4 OQutd 147 Sum_Junc (Bipotar Otf )
Bigotar Ottser 187 Enaote 1Bus S 8 Qun
Ent Oftset Adiunt 1867 Ent Gan Aojun
Erabie :8:14 9 12; A2l Muys € natite
Serial Qut 187 Count Ensole
80u .. 197 ain g,
a0ut 2071 ain
10w MM 211 2un TINes
e mey
1 Dt 227 1in
Se an Gut 237 MSB Qurt (TTLs
A58 AT 247 Lad Enafre
Sreoate 257 mar Erabre
287 sroce Out
277 €58 istarus
281 MS8 Our 7L
237 8:2 0w’
Jjot A1 & Curr
" 2k Sot’
v 818 Out’
DT Bt Qur’
a7 B '2 Gy LSAr
35%° Carayng
Jet “3v0C

Tve sl Srate Cuthuly

Copy available to DHC does not
parmit fully Jegible reproduction

*iN CONNECTIONS tor MDAS-8D

«15v0C

Anaiog Gna

Ch OHuin

Ch  Hiin

Ch 2riin

Ch IHiIn

Ch & rin

Ch S Min

Ch §Hiin

ch THiln
Amoidier 1n r
Ranqe ' Seiect
Sampie Moid Out
Erapie +8.15 14 Qut)
B.0clar Oftser

Ext Otfser dowst
€rapre tBis .12 Cun
Ser.al Out

8 Qut o

4 Qut

20u Af:u' L21)
10w -
Detay Out
MSB 1Tt
Sirnne

a D Trgger
ap ﬂ-%g-?
Srott Cucw

819 Qut*
S 1 Our
0 qitas Gna
“SvOC

Top Bottom
T s

1 1 -15v0C

2r 28 Anslog Gng

ar i@ Ch Oloin

4y 4B Ch YLoln

ST 58 Ch 2Loin

(34 68 Ch Jloin

bal 78 Ch 4loin

aT 88 Chr Siolin

v 98 Ch Btoln
107 108 Ch 7TLotn
"r 118  Ampider in Lo
127 128 Range 2 Setect
137 138 Ampither Out
147 148 Sum Junc iBipolar C*Y
157 158 Fnable 'Bus 5.8 Our
167 168  Ert GanAdust
17T 178 Muyr Enatbie
187 188  Count Enadle

19T 198 Bin

207 208 4in

21T 218 21p TR0
21 228 a7
2 238 S8 0. 7L
247 248 a0 E-sDe
28T 258 T eatcravie
287 268 D.xx Qut

27 oL siatus)
201 3B Ou T
297 8. 2 dut*

Jor 83Dy

3T 816 Qut

2t B8 0u"

337 81 10 Out®
347 8112 Quir el
8T ZatmGnre
et p11} +¢v0C

TNkl 3 e G Buy

i
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AL.2 Microcomputer

$BC-80/10 SPECIFICATIONS

DC POWER REQUIREMENTS

ENVIRONMENT

The DC power requirements are given in the table below.

&> >

VCC = 45V + 5% ICC = 4.0A max. ICC = 2.9A
Vop = +12V  + 54 Inp = 0-404 max. Inp = 140mA
Vgg = =5V = 5% Top = 0:20A max I = Z2mA
Vya = -12V & 5% Tya = 0178 max. T, = 175ma

Notes: [::> The values assume that four 8708 PROM'sS are
present and that ten optional 220/330 {1 ter-
mination networks being driven low
have been installed in the Parallel I/0
Interface.

Y::? These values assume that the_ 8708 PROM's and
optional termination networks are rot present.

nfs
"

Present system includes one 2708 EPROM and no optional

terminating; therefore the power requirement would be
close to case above.

Temperature extremes can cause instability, or result in permanent
damage to the circuits on the module. Ambient temperature must, therefore,
be maintained within the limits of 0° C to 55° C. Exercise caution in
locating the module, giving particular attention to radiant and conducive

sources of heat. Remember that the module itself, when installed, will

contribute some heat to the environment. Maintain an adequate clearance to
permit the convective dissipation of heat from the elements on the care.

Relative humidity should not exceed 30%, non-condensing.




Othet)

..\
(I8

<

-

-32-

SPECIFICATIONS

MEMORY ADDRESSING : )

ROM/EPAOM:
4% ot BK SeQMENts Stanwng a1 ANy MO base ona
AK Dyle boundary. Reter 10 Daragraph 2-10 for tunther Cetans.

Note: Alt EPROM/ROM aadresses must resioe in the rangs of

0000w 10 7FFF iy or 8000 10 FFFFy.
RAM.
K. 8K, or 16K segments SIaringG Bt 8Ny jUMOSr-seiectabie base a0aress
on a 4K Dvie Dounaary. Ce1an 200res5es 4re isaliowed for ne 108116
Mmocues. Reter 10 paragraph 2-9 (or lunther cetais.
Nots: Base addrestes 7000,y snd FOOO, not atowes tor SBC
108 Base a0dresses 5000 = 7000 anc D000y -
FQOQ not ailowea tor SBC 116,

MEMORY RESPONSE TIME

Memory Access {n) Cycie (ns)
AAM 57% max* 675 max*
EPROM/AOM 455 max 685 max

*without Refresh Interryption

/0 ADDRESSING

8255 825$
AR ART
Port |V ] 213 |«]S |6 | No1| No2 USART)US.

Control |Comrol Osta |Convral

Agoress | X8| XS|X6|x8|x9 |xA x? X8 xC X0

Nowe: X 1 any hex digit dsngned Dy (WMOE? 10IeC1ION
170 TRANSFER RATE

Paraiiel  Read or Write cycie time 760 ag mex
Serniat {(USART)

Baud Rate Mz} ]
Frequancy (kMz) Agynchronous
{Jumoper Selectablel Syneheonous (Program Seiectadie}
-6 - 64
1536 —— 9600 | 2400
%8 - 4800 | V200
384 38400 2400 600
19.2 18200 1200 300
98 260Q 600 150
48 4800 200 7%
698 69380 - 10

SERIAL COMMUNICATIONS CHARACTERISTICS
Synchronous
§~§ b1 characters
faterngt Or external CRaracCter SynCNIONI1ON
Auvtomatie Svnc Insertion
AgynChronous
5~8 bit characters
Break characters generation
1. 1%, 21 2 3100 O:ts
Faise start it Jeteciors
INTERRUPTS
Eignt iAterru0t request hines May 011ginate 1rom tne Programma.
ple Per.onergl “~rertace 14 nnes; the USART (2 1nes) Or user
specitie0 gevices via the 170 e0ge connector (2 lines) or Interval
Timer
INTERRUPT REGISTER ADDRESSES
E’Hf"uo? Masw Seg.srer | X
[ nrerilpt Siatus Feaster x 0 i

Nate X .3 30y Aex 0:¢t 335:19ne8 By HuMDer serechiOn

TIMER INTERVAL
1003 s -0 1% whee 110 Baua Rate 4 seiecrec
1042 ms <0 1% tor aht otner Baug Rates

INTERFACES
Bus AN signals TTL comoatibe
Parane ' O A vgngs TTL comoatpie
Ser-ar 1 O Aszl2¢C

iprerr ot Reguestsy &' TT( zompatdre

CONNECTORS
Intertace " No. of™] Centers Msting Connectors
Poins Ga.) .
Bus 86 | 0156 | CDC vPBOVE4IADOAY
Parstiel 1/Q 50 ! [+ R 2:‘:;“?5;;“;0 or
4
Serini 110 26 0.1 .Jr:l‘:, 15271-030 o
P PES.14

Aux Power 60 0.1 l :‘MHE‘E‘S‘;OSSQ or

Note: Connecior Negnts NG wire-wrap ON BNAGIhS A1 NI JUBIaMEes

10 conorm 10 imed OEM pacragng.
PHYSICAL CMARACTERISTICS

Vhatn 1200 m 13088 ¢emd Deotn. 0504 11.27 em)
Heght: 6.75:n 117218 cm)  wWegnt 14 02 (3973 gmi
ELECTRICAL CHARACTERISTICS'
Average OC Curreny

whou t0aON]  wen 0300 (000N wer 708 E00OW"  aaw!

VEe * BV 9N igg - 2894 mee 3 84 e o 08 ~oe [ T
Yoo * VIV O% ipp ¢ 430 b wee 700 A o €30 #4 mae 400 = & mas
Vap * +3V AN igg ¢ Ima mes 190 ma wge ) ma s 3 s mpe
Vaa * ~12v 9% 1ps ¢ 80 ma mas 0 ma mas 60 mA mos o ey

Notes: 1. All current values given nere ingtuce RAM power
2. Does not inciude Dower reauired 10r optiansl EPROM,
170 drivers, ana +/O reerminators,
3. With four 8708 EPROMs sna eignt 22002/3300 Inout
eI MINSIOry NS1HeT, all terrMIntOr INDULS IOw.
& Wuh tour Imel® 2716 EPROM: ang e9nt 22001/3300
INDUt Termunators instatied, 2l tErMINaIOr MIDUts IOow.
5. AAM cnhips and RAM controi 109:C (DOwered via Ausnii-
ey Power Bus),
AUXILIARY POWER
An Aunihary Power Bus /8 OroviOed 10 3110w 3#DarsIe DOwer 19
RAM fgr sysrems requering battery backud of read/write mem-
ory Selecuion gl thy Aussuaty RAM Power Bus 4 maoe v
Jumpers on the bosrd.
MEMORY PROTECT
An sctive-iow TTL compatibie MEMORY PROTECT signat
DrOUght Qul an the Auxsiiary coOnnettlor which, when asserted,
disabies Read/Write access to RAM memory on the board This

1Nput 18 Provided tor the orarectign ot RAN contents ouring
SYSIEM DOwer.COwWA seQuences.

LINE ORIVERS AND TERMINATORS
170 Druivers

The (QIOwing LRt Atwers ING TEIMINII0N are 3l COMDatIDIe
witn tne 1/0 ariver sockert on the SBC 104/108/116

Sink ] S |

Otiver | Charactenisuc | Current | Drever | Characteristie | Current [

ima) : AmA)

7438 10¢ ! a8 | 7409 NILOC | 16 |
17 i a8 7408 NI 16

7432 NI 16 7402 1.0¢ ‘ 16 ‘
7426 1.0C 16 7400 ! 16

Note | * nverting. Nt = non-inverting. OC * coen co:lector

Porty 1 and 4 nave 25 mA 10tem-poie Grivers and 1 K} terma
nators

O Termingrors
Termingigrs 22002 3300 dwviger 07 1 kD2 outi wp

n .
i
79 20 — 0 ¢ % 2#10n
-_E "
"
1 - " (TN AN
Bus Drivers
funcrion ! Characteriyne Sink Cyrrent A
Cata I Te Srate \ 50
Commanas L Tre State ! 25
ENVIRONMENTAL

Ooerating Temperarure G Cig *85 C
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AL.3 RMS

VOLTMETERS

The Boonton has “'AUTORANGING'' capability; i.e., it automatica!ly selects
correct range for the voltage applied to the input connector (within the voltage

and frequency limits).

Range:
Bandwidth:

dBm accuracy(range=
Stability:

Response:

Response Time:

Analog Devices

+50 - =60 dBm) :

TRMS~-to-DC Converter

300 ¥ to 300 mV; +50 dBm to -70 dBm

10 Hz to 20 MHz; 10 Hz to 100 kHz

(50 Hz to 100 kHz) = .2 dB

115 V + 10%; 50 Hz to 4OO Hz; 2 min warmup;
0° to 50° C

Crest Factor -6 at full scale; Waveform -
complex + random

Fast - 1 to 2 secs; Slow - 4 to 6 secs

(442J)

) a4
CObL =3l . L = OUTLINE DIMENSIONS
TRANSEHPR FQUATION o BN IP S 5 n 18 sches and i),
ACCURACY " thow
Torss Ereor Simrwave input. f € JURHE \ R
No Externai Adiumenr —
In3ut Range V1o 2V $ImV 20 13% of Rdp . mas  * covman
Eaxternal Adiustmens ] i
1nput Range 00 2V oy’ 21V 20 04N of Rdg . mus | . S
YOMY g 10 IV g’ 20 $mV 20 0SN of Rag mox *
Addusanal Error. Sinewave input D ] .
0kHe G (€ $00KHL o —
Muth or Without Externss Adjusiment PyAhpn
For Anv Input Ranpe 12394V 20 0023~ of Adg: = -
JGLITRR UL
R |
LuMz —————vo~d |
w3 Temperature 10 10 +70°C,. man 2100uv1"C plus 250uV/*C plun 95uv/ G pivs et —————{ |
20 014 of Rog /°C 20018l Rep 'C :00imof Rdg/ C =y O 1
v Suppls Valrage 20 lmV/S d . 1O v = %an
Warm D Time $ minutes Fand —oal =
TREQUENCY RESPONSE, SINEWAVE INPLT e 5O et
218 Readrng Error’ et
LLTT U A, Jo0nn: M .
2V e 700kHz . M 1
Vomy 2006 M1 . N o o
0 Ve 120kt han Ko
01V gy S0%MHs M Waeight: 40 grem
001V gy I5kMe .
-148 Reading Error , MATING SOCKET AC1016
Inpat TV . LU . . i
g v . PRICE (1-9) $5.00
B y— TVH: .
02V 0y MK N
01V ey MM . . l Vi ova
001V my JOURHE . . ‘l'_c“"'
1aterna bidrer Time Constant (B L1 * ad .
Caserea: Fner Time Compant® VSmwuF N - » "
Tora) averaging Time Constane’ 15my = 1Smunk M . H ot
Ty TCTOR l
20 28 Addwionn Readng Freor k4 !
20 3% Additiona. Readirng Error 10 ]
INPLT SPECIFICATIONS P
""'s‘": R 10V Figure 1. Wiring Connections for
s.'u lnpu:" Wy s . RMS Measyrements (No External
Impeasnce IETR I Trim)
OLTPLT SPECIFICATIONS® vy )
Rated Qurnet ———— .
Volrage 210 0V min g . L — vy
[ ~SmA min M 'm0 e
Impecance 010 St anll r— o
Offser \ itage » +25°C £2my man o -

Wb Eavernl 2L [r m Par

Adavrabie 1o Lern

| ; ——pr———C % *

POMER MLPPENT

Vivrage Mated Specibicatmng 21V de —c—
Vivtage Uperating 815 19V de Pl )
Currenr Nuiesent f1im
TENP P NI4T RANGE e D o o
. B v .
Pared Pestirmanee Vit € PSS tayathr Fad- A
Uoerarrt 29 Cioent €
sroeer ALty “sater :‘. TO® ORI A3 avfPAC NG T st COMET am?
AR i
e RIS
ey Frgure 2 Oprionas External
.
e wox $12e 3T Adusiment for AMS Ieasurementrs
s s9p (XL Voew :
hatd LN
-~ L] L) b
Cpertu s m e oo adet 441( ! . o
Frer m @eeitnd oo the mom of rwe comuanrrts s [ined 1erm Plus o purcrimage of Swiper sl rendingt Aeter "h ~O—r ! i
TOTAL ACCLAACY page | - =0 = !
- Mefey 10 OFTKIA AL A € ALIRRATION PROTEOURE. puge § 1t
! oty i Al CALIRRATION PRICFOLAE aege } ars Ot =
2Conmtct optionu hitet copecier netaeen B | omi 00 1 1y Foguer 21 Pi | @ Provected (90 homs 18 frownd and L Rt
R0 POstg upply votiage Pin | @ Ane roTecIed 107 negerive veitage grester thom | vai

CPIRECted 100 BTY C PN 1D grAU and 'OF $ANET WPDIY valtage
I Bevommemird pom o1 WOph  Anshag Dences madet 404 140 <3 =41

SPrOTiem s o wet 40 Rangy o uiemm Y

et CWVRTY
G M A NItV GBS R
£.gure 3 Wir.ng Connectiong for
V'ean Soudre Measy. . ~en3 with
Aduusradie Scae Factor ‘Vpge:




" (c) 1/0 Characteristics of True RMS Board

5000.0,

t/’
4500. o
7
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4000. o
7
3500.0 i
= 3600. o
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(L]
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" 500. /
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1000.
500.
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AL 4 FLUKE FREQUENCY COUNTER

OPERATING RANGES

Frequency:

5 Hz to 80 MHz
Period:

5 Hz to 1 MHz single and multiple period averages
Totalize:

1 count to 999999 counts

INPUT CHARACTERISTICS

Sensitivity:
25 mV, typically 15 mV :ms sine wave, 5 Hz to
80 MH2
Frequency and totaiize: 200 mV P.P pulse ampls-
tude with minimum puise width of 20 nsec. Duty
cycia > 10%.
Period: 200 mV P-P puise amplitude with minimum
puise width of 200 nsec. Duty cycle > 10%.
Impedance:
1 MQ shunted by less than 30 pf for signal levels < 500
mV decreasing to approx. 220K shunted by less than 40
of tor levels creater than 500 mV.

Filter:

1 MHz {3d8 point) lowpass .
Attenuator:

Decgreases sensii.vity by 10
Querioad:

250V rms § H2 to 1 kHz decreasing to 20V at 80 MH2
RESOLUTION

Frequency:
Four manuaily selected gate times of:
10ms {100 Hz resolution)
100ms { 10 Hz resolution)
s (1 Hzresolution)
10s (0.1 Mz resolution)

Autorange position wil automatically seek to til! atl
6 digits but will not select a gate time greater than 1
second {1 H2 resolution)

Petiod:
N*anual selection of single perwod through 107 periods
averagec ralios:
10" singt: per.od (100 ns resolution)
10' periods averagec (10 ns resolution)
10° periods averaged (1 nis resolution)
10" periods averagea {100 ps resolution)

Autarange PRSI0 vl gulomatically seek to il all
Slats Autoranaingwrill not select a period average
¢ gregter tran 107 suerages.

Totahizing:
Accuriaigies wo te 999999 counts then actvates nver:
Lyl muhicelor

TIME BASE CHARACTERISTICS
Frequency: 10 MH;

Stability:
Aging Rate: < +5X 10" montn
Short Term: < 5 X 10 over 1 second
Temperature: <5 X 10-* 0°C 10 50°C
< £2 X 10 (typicall 20°C 0 30°C
Line Variation:
< 21X 10°7 for 210% variation in tine voltage

GENERAL
Display:
© digit LED, leading zero suppression
Time between successive measurements s 200 ms
plus measurement time
Annunciation:
MH2z, kHz, msec, us overfiow

Automatic Features:
AUTORANGE:
tn both trequency and period mades, autoranging
includes a urique 20% hysteresis i its switching
thresholds, 1o eliminate redundant up range/aown
range commands. This allows measurements 10 be
made on signais containing large amounts of FM
and PM.
Hysteresis memory can be reset by depressing the
reset button,
AUTORESET:
A new measurement sequence is started every bime
a front panei button is activated.
Operating Temp: 0°C 10 +50°C (0°C to +40°C for -01
Battery option if operated trom line.
Storage Temp: —40°C to +60°C
Power Requirements:
115,230 VAC £10% - 100 VAC available - 50. 60,

400 Hz - 6.5 watts hine model - 8.5 watts battery model
Fuses: ————— e L

1/4A AC-line version-%; A slo-blo battery version

DIMENSIONS
Width: 8.55 inches 2172 mm
Height: 252 \nches €640 mm
Oepth: 10 .65 nches 2705 mm
Weight: 2.75bs 1.2 Kg

DATA QUTPUT OPTION

3-4-2.1 8CD cutput from eaen diat. plus e~coaen T:¢ mal

POINt and U it INruNe ation nformation All oaicals
CMOS Low Power TTL 2ompataie neah true Pt
cammand «§ proviaeg

BATTERY

NICAD recnaaeatile diseRarae t~e §=gus 132 e
Td rours = 7 30°C ambient w th un.t innperative
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A4, 5 DIGITAL CASSETTE RECORDER

DATA FORMAT:

Data format complies with 150-3407, ECMA-34, J1S-C6281 and other similar

standards.,
Recording Format: Phase Enceoding
Recording Density: 800 bpi (32 bits/mm, nominal)
Number of Tracks: Single Track

MECHANI“AL CONSTRUCTION:

Tape Drive System: D.C. Motor Direct Reel Drive System
Taor speed Detection System: Encoder Detection
Cassette Insertion: Pocket Holder type
Cassette Eject .'echanism: Manual Ejection by depressing EJECT Button
BOT/EOT & Clear Leader
Detector: Photoelectric Detector
Magnetic Head: Single Track, Single Gap Read/Write Hea?

POWER REQUIREMENTS:

Average Current Maximum Current Permanent Ripnle
Consumption Consumption Voltage
D.C.+12V:57 1.0 A 1.8 A= Less than 100mVo-p
D.C.+ 5Vz52 0.7 A 0.75A Less than 100mVo-~p

“Except for surge current at power-on.
GRQUND ISOLATION:

insulation resistance between
OV power supply and frame
ground 5 Meg Ohms or more, at 150V D.C.

ENVIRONMENTAL CONDITIONS:

Temperature range operating +5°C = 40° C; storage -15°C to +60° C
Relative Humidity Range (non-condensing): operating 20% to 80%;
storage 10% to 90%
Vibration (operating): Less than 0.5G {less than 120 Hz)
Impact: Less than 40G(less than 30 msec)
Continuous: Less than 3G

OPERATIONAL CHARACTERISTICS:

Tape Speed (Slow): 15 isp (38.1 cm/s) + 3%
(Fast): 45 ips (114.3 em/s) + b2

18G: 0.97 + 0.24 inch (24,64 + 6.10 mm)
Erased Length 2.19 ¥ 0.27 inch (55.63 ¥ 6.86 nm)
initial Gap: 2.26 + 0,40 inch (57.40 * 10,16 mn)
Readable 18G Length 0.7 inch {17.78 mm) or more
Required tape iength for

Long IBG detection 15.0 -~ 22.2 inch (381.0 - 563.9 mm)

Start distance for HIGH SPEED SEARCH: 2.4 inch (60.96 mm) or less
Stop distance for HIGH SPEED

SEARCH: 1.9 inch 143.26 mm) or less
Nominal Data Transfer Rate: 12 & bits/sec
Recording Density 800 bpi + &4
Threshold Level l{at raference -
read level) (LOW): 18 + 3~
(HIGH) : 40 ¥ 5.

R S
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AL4.6 POCKET ASCIi TERMINAL

Specification

Memory:

Characters simultaneously displayed:
Character set displayable:
Formation:

Number of keys:

Transmittable codes:

Code transmitted:

Compatibility:
Size:
Weight:

Power supply:

POWER

last 30 characters received

8 (7 at left home and right home positions)
64 ASCII characters and symbols

16 segment ''starburst"

Lo

128

8-bit ASCIl (framed by 1 start bit, | or 2
stop bits)

RS232 standard (20 mA loop to order)
6 inx 3 in x 1.4 in

0.5 1b

5V single rail at 400 mA typical

The Terminal requires a regulated power supply at +SV X 5 percent. The RS232/C version
tyoically requires 450mA, and the 20mA loop version 400mA.,

+12v—{ bc/DC

Pocket Terminal v24/R8232c| Usei_qu_i_pﬂerlt_

—-12V — Converter

Plug

Brown _&)—e +5vts5%
. { 450mA
™ i

Green 7/7//25n} %
!

-—o<= _o- 59 DATA
| I i
White REQUEST
.L——[} - ;’?‘——", TO SEND
ov é ! DATA TERM
' | .
/, 8T15 ! . 203 | READY
ray
—o- - ov
_L:bv 1 7

Fig.1a. RS232C TYPE CONNECTIONS
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it i SRR S

. Rear View — Bezel r
Not Shown for e R T M e J1 PIN DESIGNATIONS
Clar-rv -P'M—ro- AR P ‘ . .
A. Standard ' Ratio Input A 1 Signal IN (+]= .
Card-Eoge oo : Analog Ground™ B 2 Signal Return {—}
: Connector SRS ' Decimal Point1 € 3 Decimal Point 2
(Solderable) e ———— v ! Oecimal Point3 DB 4 EOC/HOLD
Analogic Part No.s N A m e = - s ‘ 8CD (2), E 6 BCO (”:

. BCD (8) F 6 BCD(4)
15-300004P (For plastic case) 8CD(201° H 7 BCD (10)°
15-300004m (For metal case)

BCD (80}* J 8 BCD (40)°
B. Optional BCD (200/* K @ BCD (10Q)°
Screw-Terminal BCD (800)* L 10 BCD (400)*
Connector i PRINT® M 11 DISPLAY TEST A
(Soiderless) l _L i BLANK/OVERRANGE N 12 8CD (1000)°
. ; =5.1VDC Output P 13 POLARITY®
s::'g?é;;;" No. T ; Digital Ground? R 14 +5V?
0.42" 025~ : ACPower IN' S 15 AC Power or
110 7mm} 16 amm) _ +8 10 +2BVDC INT
' 12 '
. Rear Pane! Connectors . TPOWER CONNECTIONS
AEAR CONNECTOR 1t

‘\ 1SOLDERABLE} +5VDC Pin 14 for +5VDC,
Pin R tor Power Return
+8 10 +28VDC  Pin 15 for +8 to +28VDC,
Pin R for Power Return
110VAC Pins S and 1%
220VAC Pins S and 18

$CO OrTION
SHOwN

INSTACLED ; gl < D e 2 ,‘ T
e [
. 5 DECIMAL POINT i
] =% SELECTION To display the gesired |
U ] [—— decimal point. simply
9 \ulcn IMPACT f + [ 1 /D /—7‘ connect the appropr - :
PLASTIC CASE | ‘ / ‘_I‘_I 1, ate pIn 2s shown 10 |
EREESI bt Sun S
! ORI cor.,  Digal Groung (Pin R,
‘ .-‘_----l.:;-?'-?-c-&'-.‘:- 41} using 3 jumoer leac.
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A5 RF MODULE

AS.1 MECHANICAL SWITCHES

Microwave Associates = Model 7530 PMD

Frequency (GHz) Insertion Loss (dBs) Isolation dBs VSWR
4.0 0.2 80 1.20
‘8.0 : 0.3 70 - 1.25
12.4 0.4 65 1.4
18.0 0.5 60 1.5
Operating voltage: 20 to 30 VDC; Pull-in = 20 V; Drop-out = 2 V

Coil resistance: 158 to 192 ohms

Hewlett Packard - Model 33311 8

Frequencv (GHz) Insertion Loss (d8s) }solation dBs YSWR
0C-2 0.25 30 1.15
2-18 0.5 30 1.4

Operating voltage: 20 to 30 V
Switching current: 120 mA at 24 V

A5.2 MiXERS

RHG Model DMI-18B; Serial #16-661-1

Frequency (GHz) Noise Figure (d8) Lo to Rf Isolation (d8)
1 9 ~ 20
12 10 > 20
18 10 > 20
WJ Model WJ-M 14
Frequency: 4 to 8 GHz
$$B Conversion Loss: 8,0 dB max
SSB Noise Figure: 8.0 dB max
1solation: > 20 dB
Insertion Loss: 2 dB

A5.3 CIRCULATORS

Western Microwave Mode! 3JC-8019 Mode | 3JC-408]
Frequency Range (GHz): 8-18 4-8
Insertion Loss (dB): < .8 < .b
Isolation (dB): > 15 > 21
VSWR < 1.6 < 1.2

AS. 4 DIRECTIONAL COUPLERS
MARDA Model L244 Model 4246
Frequency Range (GHz): 2-8 6.5-18
Coupling: 10 .6
Directivity (dB): 18 17
VSWR: 1.4 1,40
Insertion Loss: 1.00 0.8

AS.5 ISOLATORS

Western Microwave Model 2JC-401 Model 24C-818
Insertion Loss (dB): WA .3
Isolation (dB): 23

VSWR:

1.3
1.25 1.4
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A5.6 RF OSCILLATORS: OPERATING INSTRUCTIONS AND SPECIFICATIONS

Installation

2 Bias voltage should be within + 0.2 volts of the correct value to obtain

! specified operation. At 2 or 3 volts above the correct value the Zener
dicde, placed in the bias circuit to provide protection, will begin to draw
excess current, '

{. CAUTION: If the bias current exceeds the maximum bias current shown on the
data sheet by as much as 50 milliamperes, the protective Zener will
be endangered. For GaAs oscillators, a current peak up to 200 mA
higher than the value recorded on the data sheet may be observed
at low (-2 to -4V dc) negative bias levels, however,

If excess current is drawn, check for high bias voltage or reversed
bias polarity.

Heaters

Heaters are often included in the oscillator to minimize such temperature
effects as frequency drift and power output variation, These heaters are
self-regulating and may be operated from an unregulated voltage within the
range of 22 to 30 volts. Transients of up to 80 volts in accordance with
Figure 6 of MiL-STD-704-A will not normally damage the heater.

Mounting

The oscillator may be mounted in any orientation. The unit (particularly
units that tune above 4 GHz) should be mounted to a smooth heat sink capable
of dissipating up to 10 watts without raising the temperature at the base of
the unit adjacent to the heat sink above the specified operating temperature
range. (Use of heat sink compound (e.g., Dow Corning 340) is recommended on
mounting surface).

YIG-TUNED GaAs OSCILLATOR

Type No.: 5157-300D Serial No.: 1027 (ER)
Operating Conditions:
Heater Voltage: +28.0 Vdc Current: 180 mA at -54° ¢
Bias Voltage: +18.00 Vdc Current: 1050/500 mA
Test Data:
Tuning Calculated
Vdc Frequency A Frequency (MHz) Power Output (mw)
(GHz) +25° C +25° C
0 8.00 0 30
) 9.00 -10 58
2 10.00 -13 62
3 11,00 -10 68 ‘
4 12.00 -6 6h
5 13.00 -3 46 .
6 14,00 -2 Lo
7 15.00 + | 4
8 16.00 + 2 29
9 17.00 + 1 21
10 18.00 -3 19
Hysteresis: 11 MHz
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YIG-TUNED GaAs OSCILLATOR

Type No: 5157-300 DF

Operating Conditions:
Heater Voltage: +28.0 Vdc
Bias Voltage: +18.00 vdc

Test Data:

Calculated
Tuning Frequency
Vde (GHz)

Serial No: 1092
Current: 170 mA

Current: 500 mA

A Frequency (MHz) Power OQutput (mw)
+25° ¢ +25° ¢

8.00
9.00
10.00
11.00
12.00
13.00
14,00
15.00
16.00
17.00
10 18.00

Hysteresis: 8.0 MHz

W ORIV FWN —O

0 24,0
1 38.0
9 38.0
7 54.0
9 sk, 0
3 44,0
+ 9 ‘08.0
+16 35.0
+10 31.0
+ 5 28.0
0 19.0

-— RF CONNECTOR
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AT -54.0 DEGREES CENTIGRADE

@ eeeee-- AT 25.0 DEGREES CEMTIGHALE
¢ e AT 71.0 DEGREES CENTIGRADE
100.0
—
80.0__
a -
a &
EE
$80.0=
] —
370.0_
E [~
560.0/=
2%
5 E e
3s0.0_
il
g B
S 40.01=
e g
30.0F
20.05_ % 7
- t$
10. 0
—
0.0 |lll|lllll|llll|lil|u_lllilllllllJlllJlllllllLLl
8.0 . 0.0 11.0 120 130 140 150 160 17.0 18.0’
FREQUENCY (GHZ)
POWER OUTPUT,YIG-OSCILLATOR MODEL# 5157-3000F
o AT -54.0 OEGREES CENTIGRADE
B eeeee-- AT 25.0 DEGAFES CENTIGHALE
o —memee- AT 71.0 DEGREES CENTIGRAOE
100.0
=
90.0F_
—
-
80.0_
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FREQUENCY (GHZ)
POWEA OUTPUT, YIG-OSCILLATCR MODEL.# 5157-3000




~~~~~
P——— -

43

e

YIG-TUNED TRANSISTOR OSCILLATOR

- Type No.: 6708-304F Serial No.: 1094 (Catalog Item)
]! Operating Conditions:
Heater Volitage: 28 vdc Current: 26 mA

Transistor Voltage: +15 Vdc; -15 Vdc Current: 643 mA; 44 mA

e Tuning Calculated

L Vol tage Frequency Frequency Deviation (MHz) Power Output {(mW)
! (v) (GHz) 25° C 25° C

_ 2.0 0 35

. . L) . - L] .
O CONOO oM

WoONONTWN—~O

[e RN e N RV IV, BNl VER VAR
.

- .8
- .3
+1.4
+2,1
+4,8
+7.2
+7.1
+9.0
+9.5

53
L6
60
73
Lo
55
54
50
54

2 A

ez

] O . - . 2 65
Orift: 7.7 MHz (max) Hysteresis: 8 MHz
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A6 ANTENNAE

PERFORMANCE SPECIFICATIONS

ANTENNA FREQ EFFECTIVE HOW FRONT TQ SIDE
MOOEL RANGE DIAMETER VSWR GaIN POLAR. BACK RATIQ SQUINT LOBES MiN. 3a8
NUMBER (GHzi in, o (MAX) dBi 1ZED MIN ¢8 ON MAX) <8 ON SEAMWIOTH

i - . N
AReBas z.zo.o e 3 ;::326:;«" LINEAR 14408 " 1048° %11 Gan

3 1124 Gha)
PHYSICAL SPECIFICATIONS

MODEL A 4 WEIGHT “A" et 3 WEIGNT CONNECTORS
NUMGER ., o, ip. om om hy
ARIER-AS 20 18 [ k3 -4 A¥ 39 N FEMALE

ke 1. L. A 1 | - L . | 1 -4 J

2 3 4 5 6 7 8 9 10 112 12.4
ANTENNA GAIN SPECIFICATION
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Parabolic Dish Center Feed I8

Manufacturer Cost Mode | CRINC Mumber
Watkins=-Johnson $2,675.00 wJigs572-11 1122

This is a dual-ridge linear-polarized-feed antenna.

Frequency (GHz): 8-18.00

Polarization: linear

Beamwidth* suitable for reflector feed
Type: dual=-ridge horn

Qutput flange: WRD 750; radome cover included

#* N . . .
Antenna patterns and other miscel laneous details are included in the Appendix.

Parabalic Dish Center Feed 12" Antenna

Manufacturer Cost Mode | CRINC Number
Watkins-Johnson $2675.00 wig572-12 1123

The feed for this antenna is the same as the 18" dish. The only difference

is that the diameter of the reflector is 12.0".

A7 RADAR ALTIMETER
Manufacturer “ode Serial Mumoer
Bonzer Mini~Mark 40837
Altitude ranqge: 80 to 1000 {ft)
Output voitage: 80 mv to | (V)
Power raguirement: « 14 v OC

WIRING DIAGRAM

ELF TEST SwiTOH
0T SLPPLIED)

g
L2 ot v 1av B
+

an‘ ..
3 s

USRI e}

O 000

*In orderto ecamaly with FCC transmitter rules, paragraph 87.75 (¢) (2),
2 MINI-MARK "QN-OFF switch availabie to the zircraft operator must
be zrovided.

Wiring 2iagram for racar aitimeter,
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Bl: INVERTER/ACTUATOR MODULE

ano
-28VPC
d Dupur
j ——
PP
INVERTER. I \ oA
— -
ACT
L\ v
ACSS —I
ACS T

ACT

i

®
ACTZ J
et *2BVlC |
AL @ OUTRUT
O O'O i e /o :
> B

rcr us VAG
ComTRMm.

ACTVATORR conTeoL SECTIoN

Figure Bl.l: Inverter Module

R
-
—0, ACTI |
S~ —
H
O O S w ]
28V 2 12 15 16 20 H _JACI
ACSI N
- AC2
+ 7 5 3 ! [“
o ’
: r 1T ~ea |
Di— —* ACT2
ACS2 ) .______.J
GND

Figure B1.2: Actuator Control Section
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B2: DC POWER MODULE
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Figure B2.

1: Power Supply Module
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Figure B2.2:

Voltage Regulator Board
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Figure B2.3: +18 V, +12 V Regulators
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Figure B2.4: +15 Vv, -15, =12, -5 Vv Requlators
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Figure B3.3a: Ku-X-C~Band FM Board, VCO Section

(See component identification on Fig.
B3.3c)

e o s a2 00 o

I

TCAs Db Tek (1)

g

G Tone (10)

-y NS e e -

— |
|

Figure 3.3b: KU-X-C-Band FM Board, Tuning Signal Generator Section
(See component identification on Fig. B3.3c)
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Figure 3.3¢c: Ku-X-C-Band FM Board, Layout
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Figure 3.4a: L-Band FM Board, Circuit (See component identification on
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Figure B3.4b: L-Band FM Board, Layout
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F,.
[," - —» to Triangle board (pin #10)
! i
;jj : l > from Tracker output (pin #17)
r! Manual —-—:—/—r— > + 15V
g FM __T____'D_J Track FM

: ""f) Manual FM Adjust
, (s?0T) 3
F
f ' 3) Track FM Adjust

! a
to Tracker Reset (pin #10)

Figure B3.5: Manual-Track FM Control. Controls on front panel of
FM/IF module.

--- ~> to Triangle board (pin fr‘ll),af,
> to Triangle board (pin #12), 8%,

to Triangle board (pin #22)"55-@,-,,,,,0,,‘

~
l T
:———:(. — to Triangle board (pin #21) ,A‘&B
| /
! —T — le] o
t _ ] (3-ro€f‘:?on Slide 5wh’:d1>
3 ' t i |
F. | | ! '
i { !
. ' ,
3 . { / t
! - ! |
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- Radar ' Spectrum i
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' Figure B3.6: RF Sweep Width Control. (Same as above).
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SW1 Concrol SW2 Control 1 $u3 Control L-band Control
- -

‘ fb
30 r..__Qi‘
2 %
1 : 1
Ground
+28v
VL v v J Jr 4 J 4
N ' R $ T . M VW
Backpanel
Connector

Pin Numbers

Positiva 1; Delay Line
2; W
J; HH
4; VH

Figure B3.7: Radar Mode Select Rotary Switch

Pin # 1 Signal input from AGC section

] Ground 2 +18 v

2 Ku-X-Band, Outout 3 +15 Vv

3 5V | 4 -5V !
4 -15 v ’ S GNO

5 Grounu 6 NC

6 LS8 7 Signal feedback to AGC section

7 LS8 + 1 . 8 NC

8 MSB - | , 9 NC

9 MsS8 10 Reset voltage from track FM adjust pot.

10 . Control voltage \ n NC

1" To switch \ 12 A

i2 To switch ! 13 NC

13 To frequency counter 14 NC

14 NC 15 Reset push button

] NC 16 Reset PUsh button

16 NC 17 Tracker output voitage, to man-track switch
17 NC 18 NC

18 NE 19 Test point, discriminator output

19 NC 20 NC

20 C triangle output 2 Test point, input to discriminator section
2! To switch 22 =15 V to AGC section

22 Input to OP/amp

Figure B3.8a: Edge Connector Figure B3.8b: Edge Connector Wiring
Wiring, FM Board Tracker Board
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Al - B!
A2 - B2
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Back view of Meter Module front panel
+S Vv
SBC8O/10
J3-14

E ~——e——sscs0/10

325
Pocket Terminal 133

Connectar '

S, I3

SBC80/10 ! ! SBC80/10
J3-13 : { i J3-15
| !
SBC80/10 sk !
J3-3 % ;
. $B8C80/10
! J3-7

woss (O 0 © © ©
Connector @ @ @ @

Figure B4.2: Front Panel Connectors

METER MODULE BACK PANEL TOGGLE SWITCH '

r~~——-~—_——--—~— - —ﬁ

SBC 30/70

Parallel
to

| {
[]
: erial t Pocket
| Parallel 8 | serial Terminal
‘ Processor }" e i~ r " ic
Data stream Da:a’T_‘/]/ Tadio”
4 i Shack
| {
!
|
[

Prxn:er
Baud race
select l
’ i
{
R & E
g baud rate clock o 600 baud

!U

Figure 84,.3: Back Panel Toggle Switch

™
N )[' back panel toggle switch
-]

toggle switch (connections shown = down position)
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f DI, D2, D3, D4, DS, D6 - IN9IL
. | —r = e @ ; R5, RIT, R12, R6 = 20 k0

0

R7, R8, RI3, RI4 - 47 kQ
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R9 - 10 k@

) RIO - 33 kQ
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KuX-~-band

C-band

SW1 SW2 SW] sw4

sW5,6,7,81 SWi SW2 SW3 SW4 SW5,6,7,8

oL

=}

2 1 1 1
1 1 1 1

: 2 1 1 1 1
z 111 1 1 |
H 12 1 1 1
2 1 1 2 2 1

Table B5.la: Logic Matrix for the Switch Positions

Control Wiring
Connector Color
Pin Code
Black +28 V, Ku=X-YIG(/2),C-YIG(7b4), SW5,2,3,4 common
| open
Red +18 V, Ku-X=Y1G(~S)
Green -18 v, Ku-X-YI1G{z7)
Orange +15 Vv, C-V1G{42, red)
Blue =15 v, C-YIG(76, green)
Vhite/black aopen
Grey coax Ku=X=Y1G Tune (1)

Coax shield
Orange/Black
Blue/Black
Black/White
Red/White
Green/White
Blue/White
Black/Red
White/Red
Orange/Red
Blue/Red
Red/Green
Orange/Green
Black/White/Red

Ku=X=YIG Tune return (#6)
C-YIG Tune (#3, orange)
L-band mode control SWl +7
SW! control-DL port +°
open

$W2 control 1’

$W2 control Z

SW3,b4 control I

SW3,4 contrel 2

L-band mode control SW2 +
L-band mode control SW3,4 +
$WS control 1°

SW5 control 2

SW6,7,8 control +

Vihite/Black/Red

+28 V return, Ku-X=Y1G#3, C-Y1G#8

glo v <« x £ <« € 4 » o \19 Z X - x ‘i) "mo o (?ﬁ »
A \

Red/Black/White
Green/Black/White

Table BS5.1b:

Ground to SW) gnd, SW6,7,8 -, Ku-X-YIG#10,
C-YIGA1,47

RF Module Wiring List
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TABLE B8
System Control Signal Cables

Description

Connector Description

+28 VvDC IN Aircraft source to INV/ACT Mod. 2pin-Amp
Actuator Actuator to INV/ACT Mod. 2pin-Amp
Actuator Control Remote switch to INV/ACT Mod. 3pin-Audio
115 VAC Source located at INV/ACT Mod.
Required by PS, IF/FM, and DA Mods. AC
DC Power Links to +28 VDC at INV/ACT Mod. 3pin-Audio
to PS, IF/FM, and DA Mods. T4pin=-Amp
RF IF/FM Mod to RF Mod. 28pin-Amp
IF IN IF/FM Mod. to RF Mod, BNC
IF QUT RF Mod. to 502 Term. at DA Mod.
(Boonton) BNC
FM IF/FM Mod. to DA Mod. (Fluke) BNC
RMS At DA Mod. Links RMS to Boonton BNC
Altimeter DA Mod. to Altimeter 3pin-Audio
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APPENDIX C
TWO-WAY EFFECTIVE BEAMWIDTHS [N DEGREES FOR HELOQOSCAT SYSTEM
! VV-polarization HH-polarization VH-polarization
(18" dish) (24" dish)
<freq.> Be B, Be 8, Be 8
! 1.5 GHz 15.9 14.2 9.1 9.8 11.4 11.5
- L.4 8.2 7.4 5.8 6.1 6.8 6.8
L.8 7.6 6.9 5.4 5.8 6.3 6.3
5.2 7.0 6.3 5.1 5.3 £.9 5.9
p 5.6 6.5 6.0 4.7 5.1 5.4 5.5
[“‘ 6.0 6.2 5.4 4.4 4.7 5.1 5.1
: 6.4 5.2 5.2 4,2 by 4.7 4.9
: 6.8 5.0 4.9 3.9 b2 b4 b5
7.2 4.9 4.5 3.7 3.9 L.2 L.3
7.6 L.7 4,3 3.5 3.7 4.1 4.0
8.6 3.9 3.7 3.0 3.3 3.5 3.5
9.6 3.7 3.4 2.7 2.9 3.2 3.2
10.6 3.5 3.0 2.5 2.7 2.9 2.9
11.6 3.0 2.8 2.3 2.5 2.6 2.7
12,6 2.3 2.5 2.1 2.4 2.5 2.5
13.6 2.9 2.4 1.9 2.4 2.3 2.5
14.6 2.8 2.4 1.8 2.3 2.1 2.4
P 15.6 2.7 2.1 1.7 2.3 2.0 2.3
: 16.6 2.4 1.9 1.6 2.1 1.8 2.0
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APPENDIX D
FM BOARD CALIBRATION

Calibration procedure for triangle wave generator:

v o W N —
.

Disconnect the power cable to the RF box and then apply power.

Connect a scope between either T) or T2 and ground pins on the board.

Set the frequency of the triangle wave to 600 Hz (using MAN FM) and adjust
for symmetry using P2.

Set the frequency at 100 Hz and adjust for low frequency symmetry using P3.
Connect AC voltmeter between either Ty or Ty and ground pins and set the
amplitude (sweep width) of the triangle wave as listed in table using P4 and
P7 for Ku-X- and C-band, respectively.

6. Connect a DC voltmeter and adjust the DC offset and step size using potentio-
meters as follows:

P5 step size for Ku-X-band

Pé6 DC offset for Ku-X-band

P8 step size for C-band

P9 DC offset for C-band
Note: P1 maximum frequency of oscillation

P10 sets the maximum current into DAC

Ku-X-Band C-Band
Triangle wave amplitude 215 mV rms 354 mV rms
DC offset 0.6 v(DC) 4.0 v(DC)
FREQ step voltage 1.0 v(DC) 0.67 v(DC)
APPENDIX E

FAST RMS DETECTOR CALIBRATION

Do the following adjustments before mounting the TRMS module in the microprocessor

cage. (See Figure Bh.4b)

Do
of

Connect DC voltmeter to Channel 1.

Apply + 15 V from the HP power supply before turning on the instruments and
wait for 5 minutes.

Connect the TRMS input to ground and adjust Rg to get a minimum reading on
the voltmeter, preferably zero.

Connect the DC voltmeter to Channel 2 and adjust Ry} to get a zero volt
indication,

Apply 10 mV, 1 kHz sine wave to the input and adjust Rg so that Channel 1
output is 2130 mV £ 5 mV,

Increase the input to 50 mV and adjust the Ry2 so that Channel 2 output is
165 + 3 mV.

After above calibration is done, install the module in the cage and connect
the output connector to the A/D circuit board.

not connect the power supply ground to the signal ground. Connect the ground
signal cable to ground pin on the board marked as G.
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APPENDIX F
RANGE TRACKER

F.1 System Concept
The range tracker was designed to interface with an FM=CW radar system, to

allow the system to follow a rapidly moving target. As a result, the centroid of
the return spectrum is kept at the same frequency, which facilitates data analysis,
and the distance to the target can be determined in real time. The system block
diagram is shown in Figure F.l. The frequency of the IF signal centroid is directly
proportional to both the sweep rate and the time delay from the RF oscillator to

the RF mixer, i;e., le a fFM . Tdelay' I f the]sweep rate is constantly adjusted

so that the If remains constant, then fFM a TEET;; . Thus, the distance to the
target can be determined by measuring the frequency (sweep rate) and taking into
account the delay associated with the antenna and feed lines. It is the range
tracker's job to detect the frequency centroid of the IF signal, and keep it at

the desired point by varying the sweep rate.

. T0
. vco
- I INTEGRATOR
—_— AUTOMATTC —-@M————— AND VCO E——
GAIN CONTROL INTERFACE |

Figure F.1: System Block Diagram

F.2 Operation

The range tracker consists of three basic sections, shown in Figure F.1. The
power return varies inversely with the square of the distance (for beam-limited con-
ditions) and the target reflectivities also vary greatly, so that a very wide range
of IF voltage can be anticipated. This would adversely affect the discriminator
performance, so an automatic-gain-control circuit is provided. It has a 60 dB linear
dynamic range, and it provides soft clipping for higher signal levels. The discrim-
inator is a frequency-to-voltage converter, which outputs a positive DC voltage at
low frequencies and a negative DC voltage at frequencies above the center frequency.
The transfer characteristic for a sine wave input is shown in Figure F.2,

The discriminator voltage is fed to the integrator. When the IF frequency
centroid is at its correct value, the discriminator output is zero, the integrator
voltage does not change, and the VCO remains at the same frequency. If the IF
centroid drifts too high, the discriminator produces a negative voltage, the
integrator drifts to a more positive voltage, the VCO frequency is reduced, which

lowers the |F centroid to the proper value. The reverse happens if the centroid
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Figure F.2 Discriminator Characteristic

drifts too low. Circuitry is provided so that the integrator can be preset to
any desired value by pushing a button. Thus, the distance to the target can be
estimated, and then a preset is performed to bring the centroid into the capture
range of the system. A linear mapping circuit is provided, which transforms the

integrator's output voltage swing into the range required by the VCO.

F.3 Automatic Gain Control

The AGC circuit uses a CA3080 OTA (operational transconductance amplifier)
as the variable gain block. This chip has a differential input and a very high
output impedance (i.e., current source). The transconductance (%V%i) is directly
proportional to the current flowing into the control terminal, and is given by
gm(mho) = 20 'CONTROL(uA)' It is a two-quadrant multiplier, that is, the trans-
conductance is always positive. The control input has a constant potential of
one diode-drop above the V-supply. A 1000:1 gain ratio is easily obtained,

The transfer characteristic of the 3080 is simply that of a transistor differ-
ential amplifier, and reasonable linearity can be maintained up to a peak input
of 50 mV. Because it deals with extremely small voltages, the gain control stage

is enclosed in a metal box.
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The full schematic is given in Figure F.3. R] attenuates the input signal
to a level not to saturate the output. The current source output of IC 1 is con-
verted to a low-impedance voltage source by IC 2. DC is removed by Cl0. {C 3 pro-
vides additional voltage gain. With a sine wave input, IC 3 output is 3.5 Vpp'
Rectification of the output is provided by Cl1* and DI and ripple is filtered by
R18 and C12. A reference voltage is provided by R23 and R24, and voltage at in-
verted input terminal of IC 4 is -0.65 V at steady state. Switch Sl changes the
integrating time constant which determines the AGC range. Overall operation is
as follows. |If the input signal increases, the voltage at R19 becomes more negative
and the integrator (1C 4) output then drifts more positive. The base voltage of

Ql decreases, causing lower current to IC 1.

F.4 Discriminator

The discriminator consists of two second-order bandpass filters and a summer,
as shown in Figure F.4, The summer includes a one-pole ripple filter. The fre-
quency response of the two filters, plus the overall frequency-to-DC response,

is plotted in Figure F.2.

Tracker Board
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Figure F.3: AGC Circuit
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Figure F.4: Discriminator Block Diagram

To adjust the discriminator (see Figure F.5), connect a signal generator to
the input (pin 21 when testing outside the system or IF input port at the back
panel of the FM/IF module) and a DC voltmeter to the output. Locate the low-fre-
quency peak, and adjust R33 until it is at 44 kHz. Then locate the high-frequency
peak, and adjust R30 until it is at 56 kHz. Then adjust R4O for zero output at

oiivv,,.

50 kHz. The above three steps should be repeated until no further improvement can
be obtained. |If there is a need for external fregquency-to-voltage converter, or a

phase-detecting circuit, jumpers Jl and J2 can be removed and then the external cir-

= cuit can be connected to edge connector pin 19 and pin 21.
: B
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Figure F.5: Discriminator Circuit Diagram

F.5 Integrator, Preset and Mapping

The schematic is given in Figure F.6. The basic integrator is formed by IC9,
Ci9 and the feedback network through the switches S2 and $3. Integrator preset
is provided by 1C10, which compares the voltage set by an external resistor with
the integrator output. When reset push button on the front panel of the control
box is depressed, the analog switch (IC12) is 'ON', and the error signal is fed
back to the integrator input, and forces the output to the desired value. The

output voltage range of the integrator (0 to +13 V) is mapped to the voltage

N
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Figure F.6: Integrator and Mapping Circuit

|

required by the VCO (+5 to +15 V) by 1C11. Supply voltage of +18 V is required
by 1C1) so that it can drive up to +15 volts. R77 is provided to set the low

frequency timit (upper voltage limit). Feedback through switch $2, S3 compensates
for signal-dependent time constant variation. S2 selects the time coﬁstants

(1, 3.3, 10.1 sec) and S3 selects minimum to maximum frequency ratio (1/5, 1710,
1/20). in the system, R77 should be adjusted until the lowest possible PRF forms
the selected (by S3) ratio with the highest frequency. If no compensation is
desired, the node of €20, R51, R52 can be connected to +i5 Vv,

F.6 Test Procedures

The testing diagram is shown in Figure F.7,

J1 ) P——
: J2 | |
| Discriminator [—e—ve— Integracor

Mapping

AGC box
IF {aputL€) G~—
out

FIE

1203

Tracker board
Edga connector

Figure F.7: Testing Diagram
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F.6.1 AGC Section

This section, which is partly in a shielded box and partly in the range-
tracker board can be tested by applying sine wave (50 kHz) to the IF input ter-
minal of the AGC box and cheéking the output waveform at bin 21 of the tracker

board. When changing the input signal level from 15 mV__ to 5 Vpp, the output

PP
level should always be 3 Vpp at switch S] upper position. Low level signals
distort the output waveform, but it should contain strong input signal frequency

component.

F.6.2 Discriminator Section

This section can be tested by applying the sine wave either to the {F input
of the AGC box or to pin 19 of the range-tracker board when AGC box is disconnected.
When changing the input signal frequency from 30 kHz to 70 kHz, the DC output
voltage at pin 19 should have the same characteristics as Figure F.2 with the

peak voltages around + 3 V and OV at 50 kHz.

F.6.3 Integrator and Mapping Section

This part is strictly a DC section and, therefore, can be tested by applying
either DC voltage at pin 19 after removing the jumper wire J2 or sine wave to the
IF input of the AGC box. Refer to Figure F.6. Voltage across R61 (current into
iC8) should change when changing positions of the switches 52 and S3. And, the

output voltage at pin 17 should have the characteristics shown in Figure F.8,

: operating region
T I

\
)
h
th
i
1
4v !
) .
OC input M N !
st pial9 +3V ov -3V
AC 1input 44KHz 50KkHz  56KHz

Figure F.8: Output Characteristic of the Range Tracker

F.6.4 Precautions

The DC output voltage at pin 17 of this tracker board is a very sensitive
function of power supply voltages. Therefore, in case of bad power supply fluc-
tuations or in the case where the power supply voltages are adjusted higher than
t15.5 V and +18.5 V (as in the ship experiment where long power lines are required),

the maximum DC output voltage may exceed +15 V which, in turn, may cause the
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failure of the triangle board. Hence, whenever the power supply voltages exceed
+15.5 V or +18.5 V, it is suggested that the maximum output voltage of the tracker
board is checked to have around 14.5 VDC at 56 kHz CW input. The voltages higher

than 14.5 VDC should be reduced using R77.

~ e v v wes = v

L' *-
S L i AP\
'0 ’l ‘. r .- r ‘. Jv
$3 $2
3 O RIT ’ NES] 1 Ragh ' 2C g |
S R3¢ ~ (Rl i g
5 R3% + R A
2 R34 pa 7 a2
63 R 2 . o
| 3 & R 3 s
R77 2 LIVaL, el LIreat) S «
A ) c 0 £ F st
1| ete | 1 a2 NI 33303 1RG K /ﬁﬁr& +
L—l—‘;j l:: > ﬂ.“’{ :g
bnZt [t
R ! |
[ X3 R ICy :z :';Ei ci3
(o] cra -~ ciy! (¥4
[ Rig + K4pl -
G & LA NN | 4 g 5 \4 Fleac iy
G H i J K
R30 IAryY-- 3L I L3 7] RS2 | L TEN Ve I~A0 (X731
::? R& :;‘;
T ]| ke | |55
ol |[2% RIS
3 -
S (¥
Ty ;e rle] [n 9 Sixtel B3O K 2aal?
L n N 1] P
VTR R SATTHIRN |
* means upper switch position
Range Tracker Board Layout -~ Top View
X T T T T T T T T s mm e e e,
I 1 ! '
] 1
[ t
1 W WA A v DX 1
i ROpn®np ! QM [y ]
! { LRI nlce e
: | *3: ;7 3 >& Wi ocafg |
w .
! ' ;% 's !
N o .
I | o E‘;h‘ round |
0. °“t t L I N
! .Saﬁe | pu T NPz T foput [
i ind REEIP = e ki
vire = 2le 3 P
[ ! U 0 |
i { ® !
A
’—7_ : RN : |
‘ ' 33222803 | ’
[ RS XX 2 L
i Q !
- ; greemutre — :
— 12 oo omeevtte_ _ _ _ _ __ __ | o e 4
range-
cracker ground € Black—wice—
edge-
connector
AGC Box Layout - Top View




RANGE TRACKER B0ARD WIRING LIST

A3=7-Gnd Eb-7-F}h ) 113-416 M)3-N1) —
c Ab-8~(=15v) ES=F4-(~15v M]5-N16=-= 15
TASLE F.1 All=15«(+15v) £6-8=F11-Gnd Ji-2-(52-1) M1~ (+15v)
A2-816- (RhO-1-2)=G)  €9-10-F6-(C13-) J3-(s2-2)
Al4-G16 El1-12-F3 Ju-8-17 Ni-Gnd
A6-G5 E13-14-15-16-F2~(C13+)  J5-6=7 N2-(+15v)
A10-G11 J9-K8=Gnd N3-4
Fi15-(+15v) J12-M2 N7eee
B1-2  Flo-p10 Jh4=15-(52-3) N8--- .8
B3-4 : -N14-02
85-6-7-8 Gl-2 K3~4=5-6-7 NIS-~ 187
89-14 Gl4=15-16 K9~13-14-15-16
B12-13-02 656 07-N13
Blu-15-D14 67-8 KI-12-(52-2) 08-3-Gnd
(A30-2)-Gnd 610-11-13-- 20 010-M)
(R33-2}-Gnd Gi2==mmca- ot L2-8}4-- TT Q11-L13-(+15v}
B11-(R30-1) 69~H8 L3-Mé=-=~ 12_ 0= (~15v)
63-p8--(19] Lh~M5==- T1
ci-2 G4~C10-810 L13-th-15-16 015-{+18v)
C3-4 L5~Gnd
€5-6-7-8 - H1-2-P9-12 L6-7-02 P2~3-b=s~ T2eGND
Cl4-15-p10 H3=16-(+15v) LB~ (R77-}) Pl3e=enesT2] +18
€12-13-06 N4=5-6-9~Gnd (R77-2=3)=(~15v) Plyescace 3] +1§
c9-14 H7-8 19~10-(C21-) P1§ees b= 27 +=15
€11-(R33-1) (C214)=Gnd __ PFememme 7T
Ci6~(RuO-3) H13-14-15-13 Li-0b-= 17
L12-N5=== 14 --110;
Dl=8=(-15v) 14=8-Gnd
D3-7-Gnd 16=J10 M3-11-12-N12-06
DlI=15-(+15v) 110-Ki-J11-Nb M7-Gnd
111=15-J13~(+15v) Mi-Ng
EV=HIO-11-12 114=J5 M10-NIO
TA3LC F.2
TRACKER BOARD PARTS LIST AGC BOX
RIS 6.8k RU6 12K vR77 10K vRI 19K
RI6 150K R47  4.7K R78 12K R2 6.8K
RI7 3.3K R4S 12K R79  --- R3 12K
RIS 33K R4 12K R80  47K(39K) RY 12K
RI9 33K RSO 12K R81 12K RS 1,0k
R20 100K# RS1  12K# R82 120K R6 1.0k
R21 390K+ RS2 l2K# R7 }.5K
R22 }.5M# R§3 2K+ cn RE R8 1.0K AG MIRING LIST
R23 150K R4 12K= c12 .1 R9 1.5k Input=(R1-3)
R2& 6.8k RS5 15Kk cnz 1.0 R:o :iK Green-(R9)
R25 150K RS6  15K#* ¢l 330p* R X “16v) -
R26 150K RS7 12K+ 15 330p% Rz K (=15v)~Black-(c7)
R27 4.7K R58 120K+ €16  330p* R13 7K T1=2-3elaGageT-8~ -
R28  33K: RS9 270K+ €17 330p* RIG 47K Tty 78+ (£8)-Gnd
R29 390(33) R60  B2k= ci8 .01 T11-07-8-uU4-W10
vR30 500(69) RE1  12Kk= c19 .22 ct N T12-03
R3] 33K= R62  1.5M c20 .ol €2 .01 T13-14-Q6~U15-Ul1-Gnd
R32 680(100) R63 12K c21 10 c3 .0l T15-U3-03-4
VR33 500(78) R6b 12K c22 .l 2] 330p T16-U2-Q5
R34 68K« (82K) R6S 12K c23 . [ (removed) cs .at
R3S 68K+ (330K) R66 12K c24 .1 c6-9 o1 ut13-ql
R36 120K (150K) R67 12K c1o .01 Uli-us
R37 -=--(220K) R68 12K a 2N3906 ce 22
R38 15K R69 12K
R39  12K(15K) wR70 5K Dl-4 Ge Diodes 4] CA3080
VR4  10K(3.47K) wR71 SK 1c2 CA3140
R41 120K wR72 5K 1€3-7 CA31h0
Rb2 12K R73  680(removed) 1c8  CcA3080
RL3 12K R76  33K%(27K) 1€9-13 CA3140
R4k 100 R75  18k{12K) 1C12  CDULOG6
RUS 12K R76 12K (MC14066)

‘, means variable resistors
* means 5% tolerance recommended
() indicates new discriminator design values

W2-3-4=§
Wé-Cutput
w7-u7
wi0-u8
Wil-12-uto
W13-16
Wib-15-y6

=(-15v)
Qo-11-12-13
Ql4-15

(R1-2)-q2
(RI-1)-q1
(R9)-(c6)-qi6
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APPENDIX G
ELECTRICAL LOAD AWALYSIS
n I. Aircraft Source Voltage Required = +28 VDC
R Maximum Current Required = 30.5 A
1l. Electronics Package Current Required = 8.5 A continuous
ST Actuator Current Req. under Stall = 22,0 A
Actuator Current Req. under Load = [0.0 A
! 11l. Detailed Analysis:
Power Supplies:
Vol tage Current Supplied-A- Max Current Capability-A-
| +18 2.77 5.0
! +15 .90 2.2
+12 1.40 - 2.20 2.2
+5 5.77 9.0
-18 .73 2.3
~-15 42 2,2
=12 .25 2.2
-5 .10 2.2
F.‘
. .
; Devices:
2
ﬁ . Supply Current
instrument/Device AC(Volts) DC(Volts) load (mA/device) Power ¥ devices
! IF amplifier 115 -—- 10 1
3 2 T.R.M.S. meter 115 --- . 4 1
b 3 Frequency counter 115 “-- --- 7 1
- L Altimeter --- 28 600 -- 1
5 HP switches -~ 28 120 -- 2
6 Transco switches -—- 28 120 -- 5
7 Fans .- 28 220 -- 2
8 X -KU band oscillator -—— 28 © 180 -~ 1
-—- 18 500 - 1
. - -18 100
9 Microprocessor - 12 400 . -- 1
--- -12 250 -
--- 5 5000 --
.- -5 10
10 A/D convertor .- T 15 150 - ’ |
and associated circuits .- -15 150 -- .
11 Recorder m—- 12 1000 (average) 1
—a 0
12 C-band oscillator ——- +l§ nglaverage) - 1
.- -15 100 --
“e- 28 50
13 FM generator m——— 15 50 - 1
. and range tracker -~ -15 50 ) --
--- 18 20 --
- 5 10 -
14 Pin diode switch - ~15 65 - \
.- 5 50 -- 1
15  Actuator control Taee 28 10,000 {average) 1

22,000 (peak) --

PR SO N W
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APPENDIX H
HELOSCAT SYSTEM WEIGHTS

Data Acquisition Module = 30 13.6
- Power and IF Processing Module = 67.5 30.6
[} RF Module = 8.5 3.9
o HELOSCAT Structure = 49,0 22.3
e 24" Dish Antenna = 14,0 6.4
Ny 18" Dish Antenna = 9.0 4.1
N Radar Altimeter and Mount = 8.0 3.6
p TOTAL WEIGHT = 181.0 1bs, 82.3 kg
"
APPENDIX 1
f' STANDARD RADAR TARGETS
% Luneberg Lens Cross-Section (#328)
Frequency Cross~Section 2
(GHz) (dB rel., to 1 m“)
1.5 - 4.5
L.y 5.3
4.8 6.1
5.2 6.7
5.6 7.4
6.0 8.4
6.4 8.8
6.8 9.7
7.2 9.8
7.6 10.2
8.6 11,2
9.6 10.8
10.6 1.6
11.6 11.8
12.6 11,6
13.6 11.9
14,6 11.0
15.6 9.9
16.6 8.9

(et

<8 LrpLE-SEIILn

L T R L ] T

AR S S S, S RN S
1 . ) 3 5 [3 7 ) 2 1o H i ! i 1% it 1 AII

Frequency (l12)

frequency responise of tunciherg lens retlegton




>

o g

3 uﬂf" T _r;v"v‘u.’_',

1u
139

-

2

<

2 3.

el

s

&

"

"

H

[ 13

M

s

H

o

2

HQ

Theoretical 1-

Relative echo in decibles

Relative echo in decibles

Tt 12 W) 14 s 6 7 e 9 20
Frequency ()

corner reflector

33 2m Scuare Trinedral Corver 2eflecior

N

W l I

RN

[ii\/ || |I N
|

. L |

(A)

23 cn Luneburg Lens

:\l
AN

;S /
Zti /

iA\/I

T3
3

|
|
|
|

3
Angular response of standard targets

Copy available to DTiC does‘ not
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S AADTUSA USISiTe 15,2 2TEas( 50. ¥1ID) ADIHNA IMTHTe 1802 mETS( $0. I8T)
;l POLARLZATION= YV (18 LuCH DISl) POLARIZATIONS HM (24 TuC.L Df.0it)
LUCIDZHCE AUSLE 1C DICRER3 INCIDZICE ANSLYEe 1C DERRELS
- FREQUENCY RE(M) RA(4) ARZA(A#*2) uu.L. LiDED. Fazd(auz) RE(A)  Ra{l)  AREA(irer2)  urLIuove,
. 1.5 GH:  4.38  3.35 15.27 4 1.5 5% 2.51 2.65  5.22 2
: 4.4 CHZ  2.28  2.C1 5456 2 1.3 SHZ 1,51 1.64 2,33 1
4.8 G2 2.7 1.36  3.C2 2 4.3 3UT 1.8 1.5 1.9% 1
5.2 GHZ 1.92 1.7C 2.57 2 5.2 GilZ 1.53 1.43 1.56 1
5.6 GHZ  1.79  1.81  2.27 2 5.6 3MZ 1,30 1.37 0 1.40 1
6.0 GHZ 1.7 1.45 1.95 ) 6.0 SHZ 1.2C 1.29 1.2 ]
6.4 GHZ 1.42 1.42 1.56 1 8.4 GHZ 1.1¢ 1.19 1.C7 1
6.8 GHZ .76 1.3t 1.8 1 .3 002 1.63 © 143 G136 1
7.2 GHZ 1.3 1.22 1.27 1 7.2 3HZ 1.2 1.C6  0.35 1
. 7.6 33U 1.30 1,15 1.12 1 7.6 GHZ  C.95 1.CC C.75 1
8.8 Ci3 1.3  1.8C  6.35 1 3.5 682 C.33  C.8  C.53 1
9.8 GHZ 1.02 0.91 C.75 1 9.6 GdZ C.74 c.73 0.45 1
10.6 GHZ  0.96 O.02  0.62 1 1€.5 CHZ  C.63  C.75 0.%9 1
11.6 GHZ 0.33 0.7 0.5C 1 11.6 CHZ c.82 C.07 C. 52 1
12.6 G2  0.80 0.67  0.42 ' 12.6 ¢z  C.53 C.64  0.29 1
- 13.6 GHZ ~ 0.80  0.64  0.40 1 13.6 Gz ©.52  C.64  C.26 c
: 14.6 CHZ  0.77 0.64  €.39 1 13.6 GHZ  C.43  0.61 Q.24 ]
3 15.6 GHZ .74 0.53 0.34 1 15.6 GHZ C.45 c.61 0.22 [+]
X 16.6 GHZ  0.85  0.52 .25 1 15.6 GHZ  C.43  C.58 0.20 ¢
INCIDEUCE A4GLE= 20 DZIRZES : LUCIDINCE ANGLIe 2C DECREIS

Q)

PREQUENCY RZ(1) RA(R) ARZA/=*%2)  wys, 1uoEp, FR2Q.(CU2Z)  R2(i) RA() AREA(:**2) UM, INDE2.
1.5 GHZ  4.83 4.0 15.%1 3 1.5 GHZ 2,76 2.73  6.C2 S
. 4.4 CHZ  2.43 2.1 4.11 4 4.4 GHZ 1.73 1.72 2.3% 3
s 4.8 GHz  2.23 1.95 3.49 Py 3.3 Gz 1.63 1.63 .23 3
: 5.2 GHZ 2.1 1.73 2.96 4 3.2 G2 1.53 1.50 1.8C 3
5.6 GHZ 1,97  1.83  2.52 3 3.5 GMZ 1.43 1.44 1.61 2
6.0 GHZ  1.37  1.5% 2,28 ;] 5.0 002 1.32 .34 .39 2
6.4 8N 1.56  1.47 1.8 3 5.4 cilz 1,26 1.2 1.23 2
6.3 GHZ 1.43 1.57 1.89 3 5.3 GHz 1.19 1.18 1.1C 2
7.2 CdZ  1.46 1.23 1.46 2 T.2 G2 1.12 1.12 C.93 2
7.6 GAZ 1.43 1.21 1.3 2 7.5 CGHZ 1.5 1.C5  C.97 2
8.6 GHZ 1.19 1.C5 0.93 2 3.6 GHZ C.32 0.32 0.66 2
9.6 GHZ 1.12  0.96 0.84 ° 2 J.6 CHZ  C.81 c.33 0.5 1
16,6 GAZ  1.85  C.86 0.7 2 1IC.6 CHZ C.75 0.76  C.45 1
116 GHE 0.32 0.3 0.57 2 11.6 GHZ  C.63 €.7¢  0.37 1
12.0 GiZ c.33 0.7C 0.49 2 12.6 GHZ C.64 0.67 G.54 1
13,6 GH2  0.83  0.67  0.46 2 15.6 CHZ 0.3 C.67  0.5C 1
14.6 SHZ  0.35  0.67  0.45 1 14.6 CiZ 0.5 C.684  C.27 1
15.6 GHZ 0.31 0.51 0.9 1 15.6 GHZ 0.51 0.64 0.25 ]
16.6 GHZ Q.71 C.54 .70 ' 15.6 GHZ 0.47 c.61 c.23 ]

INCIDSNCE ANGLZ= C DEIRTZES DICIDZNCE AMSLZe 35C DIIRESS

PREQUZNCY RE(M) RALI) ARTA(N®2) ¥uv,IvDID. FREQ.(GHZ) RB(3) 2A(A)  ARSA(:[**2) Ui, INDE?.
1.5 GHZ  5.7C 4.33  19.6° 14 1.5 CHZ  3.25 3.2 7.70 8
4.4 GHZ  2.92 2.29 5.25 7 4.4 GHZ 2.3 1.37  3.¢c0 5
4.8 GHZ 2,63  2.1% 4.45 7 4.8 GHZ  1.92 1,77 2.66 S
5.2 CGHZ  2.43 1.93  3.79 6 5.2 GHZ 1.3¢  1.63 2.3 5
5.6 Gd2 2.32 1.74 3,75 é 5.6 CHZ 1.63 1.56 2.CS 4
6.0 GHZ  2.20  1.66  2.37 6 6.0CMZ 1.56 1.45 1.79 4
6.4 GHZ  1.34 1.57 2.3C 5 6.4 CHZ  1.43  1.35 1.57 3
6.8 GHZ 1.7% 1.49 2.05 3 6.8 GHZ 1.40 1.29 1.41 3
7.2 Gz 1,72 133 1.37 4 7.2 GHZ  1.32 1.2 1.25 3
7.6 CHZ 1.63 1.31 1.73 4 7.6 GHZ 1.24 1.14 1.1 3
8.6 GHd  1.40  1.14  1.25 3 3.5 ¢iz 1.0 1.0 0.85 3
9.6 GAZ  1.32  1.04  1.07 3 9.6 GHZ ~ 0.96 0.%C  0.63 2
10.6 GHZ 1.24 0.93 0.91 3 1C-§ CHZ 0.33 0.33 cT57 2
11.6 GHZ  1.C3  0.35  G.7% 3 11.6 GHZ  €.30  0.76  C.43 2
12.6 GHZ 1.C4 0.76 0.62 3 12.6 CH2 C.76 c.73 C.43 2
13.6 GHZ 1.04 0.73 6.5 3 13.6 GHZ 0.63 0.73 0.3 2
14.6 GHZ 1.6 G.73 c.S? 2 t4.6 CHZ 0.64 C.83 Q.35 2
15.6 GH4  0.96 C.66  0.49 2 15.6 G2 0.6  0.89  0.33 1
16.6 Sz ¢.94 0.52 .33 2 16.6 GHZ  C.56 0.56 0.29 1

INCIDZ4CE ANGLEe 4C DECREES INCIDIICE ANSLZ= 40 DICREES

PREQUENCY RE(i) RA(A) AREA(A*22) uuid.INDEP. PREQ.(GHZ) RE(M) RA(M) AREA(:1**2) IUM.IUDZP.
- 1.5 CHZ 7.34 4.99 28.75 24 1.5 CHZ 4.16 3.42 11417 13
. 4.4 CHZ  3.75  2.59  7.6% 12 4.4 ¢4z 2.81 2.1 4.33 3
4.3 CHZ  3.43  2.39  5.45 i 4.3 642 2.35  2.CC 3.65 3
5.2 CHZ  3.18  2.13  5.47 16 5.2 67 2.3 1.34 5,32 7
S.6 CHZ  2.97 2.3 1.34 I 5.5 GHE  2.15 1.76 2.7 7
6.0 CHZ 2.82 1.33 1.16 3 6.5 SHI 1.9 1-94 2.57 4
8.4 Git: 2,45 1.4C 3.3% 3 6.4 SHZ  1.39 1.33 2.7 8
6.3 Gtz 2.2 163 2,97 7 5.3 U 1.7 1.45 2.03 6
7.2 CAL 2,20 1.57 -2 - 7.2 SHEZ 1.6 1,57 1,41 5
1.6 G\ 2.1% f.en 2.51 - 7.6 347 1.53 1.29 1.61 5
8.5 Sz 1.77 1.23 1.3 3 3.6 3z 1.5 1.13 1.23 4
9.6 Gt 1.6 1,17 1.5% 3 9.6 Sl 1.2 1.2 ¢.m 4
1C.5 31 1.3 1.0 1.31 5 1.5 Gilz o120 gL Coits it
11,6 GHZ 1.8 Coid 1.56 4 11,6 3T 1.£2 C.¥h Cui) 5
12,6 GdZ  1.37  C.aé  Q.% 4 12,6 32 €07 C.32 0.8y 3
13.6 CHZ 1.33  0.72 C.2$ 3 15.6 GHG  C.37  €.32  C.56 3
14.5 G2 1.23 C.a2 0.82 4 14,5 GHT 0.n2 c.79 c.5C 3
1900 i 1225 i .12 it 15.6 6T 0T oo oo 2
tues wibl 1,07 Geun Cavd ™ Cot2 2

$ e el . i~
i dses not

available to pTiC .

o legible reproduction
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LUCIDEUCE AduLEe 5C DEGASES

FREQUENCY RE(A) RA(H)  ARZA(:*2)  JUa.Llupze.
1.5 GlHo 0.3 5.98  44.5¢ 34
4.4 SHS 5.54 589 12.% 21
4.3 Gile 4.89 2.85  1G.97 19
3.2 Gilg 4.52 2.62 9.5C 17
5.6 CHI 4.2 2.45 3.25 19
G0 GHL 4.C1 2.24 1.66 15
0.4 GHZ 5433 2,18 5.84 1
6.3 GHZ 3.20 2.Ct 5.8 12
7.2 GHZ 3.17 1.3 3.59 12
T8 317 3.25 1.77 4.25 12
8.6 GHC 2.54 1.54 3.07 10
9.8 Gii2 2.49 1,40 2.6% 3
1C.6 o 2.25 1.26 2.23 9
1.6 GilZ 1.36 1.17 1.79 8
12.6 GHC 1.83 1.05 1.52 7
15.6 3 1.3 c.9m 1.45 7
14.6 GHZ 1.31 0.93 1.39 1
15.6 GHZ 1.74 0.89 1.2 ki
16.6 GHZ 1.52 C.79 C.95 6
LICIDZNCE ANGLEs §C DEGRZES
FREQUZNCY RE(C) RA(d) AREA(3**2)  NUL. INMDZP.
1.5 GHZ  1C.47 7632 75012 45
4.4 GHZ 3.9C 3.99 27.83 39
4.3 GHZ 9.14 3.68  23.55 55
9.2 G4 7.52 5.33  19.94 b3
5.6 GHZ 7.2 5.13  17.81 30
6.C CHZ 6.65 2.39  15.10 29
5.4 Gil 3.55 2.7 12.65 24
6.3 GHa 5.30 2.5 1C.16 23
7.2 GHZ 5.13 2.40 9.73 22
7.6 Cd2 5.Co 2.29 9.¢7 22
8.6 GHz 4.21 1.93 8.55 13
3.6 Cdz 3.97 1.3C 5.61 17
1.6 5U2 3.72 1.62 4. 74 . 16
11.6 SHZ 3.24 1.5C 5.32 14
12.0 GHZ 3.12 1.52 5.2% 14
13.6 GHZ .12 1.26 3.9 14
14.6 Gz 4.CC 1.26 2.7 1%
15.6 347 2.7 1,14 2.33 12
16.6 GHZ 2.52 1.02 2.C2 11

TUCIDSUCE AUCLZ= 70 DEGRETS

FREQUZNSY RE(X)  RA(M)  AREA(:™2)  uyv.InDE?. F27. {GHZ) RE‘.(L'.) RA(H) ARSA{n"*2) JQy4.INTEP,
1.5 GAZ  13.95  12.81 146.7C 54 1.3 G2 13.65  7.83  35.55 ga
4.4 GHZ  15.65  $.9C  70.82 94 4.5 SHI 12,5 4.73  43.7C 53
ded GHZ  13.55 S.44  63.79 64 4.3 3HZ  12.2¢ 4.5 43.99 7
5.2 GHZ  13.35 34.93  65.55 64 5.2 3HZ  §1.7C 4.15  33.13 55
5.6 SHZ  13.18  4.7C  51.72 62 5.5 GHZ 1. 3.37 35.97 5
6.0 GHZ  12.49 4.25  45.42 61 6.0 GHZ  1C.1Q 3-"10 29.35 47
6.4 GIZ  11.97  3.C6  33.13 56 6.4 iz 9.57 3.43  25.31 45
6.3 GHZ  11.43  3.79  s4.C7 54 6.3 CHZ 9.3 3.26 23.13 43
. 7.2 GHZ Y1017 3,55  3C.34 53 7.20M2  8.52 3.5:2 2€.53 42
: 7.6 GHS  1€.90  3.35 24.63 51 7.6c42 7.9 2. 18.21 33
- 3.6 GiZ 9.4  2.90 2.62 a5 8.6 G2 6.95 2. 1% 33
o 9.6 GHZ  8.52  2.64 17.65 e 9.6 SHZ  6.17 2,23 11.C6 23
] 10.6 GHZ 7.3  2.37 14.%0 313 1.6 CHZ  5.65 211 3.15 27
- 11.6 GHZ  6.35  2.2C  11.93 33 11,6 342 5.14 1.93 7.73 28
. 12.6 CHZ 6.6  1.93  1C.15 3 12,6 SHZ 4.8 1.38 7.5 23
. 13.6 GHZ  6.60  1.34  9.89 3 13,5 642 4.36  1.84  6.31 2
® 18.6 SHZ  6.45 .34 9.1 3 125 G4Z 4.0 1.75 5.55 19
1 15.6 GHZ  6.17  1.87  3.C3 29 5.5 CiZ 3.35 1415 5.29 18
16.6 CHZ 5.3) 1.49 6.32 25 16.6 CN2 3.59 1.66 4.69 17
N INCIDENCE ANGLEs 3C DTSRZES IMCIDSHTE ALGLE= 3C DEGRE:S
) RE(.S) RACA)  AREA(I*™2)  uus. [nDEe. FREQ.(3H2) RE:(;:) Rl_t(;:) 5!_@.&(:'."2) WUK. LIDEP.
24.85  35.85 536.43 122 1.5 GHZ  24.33  16.87 3%9.32 122
28.35 12,49 276.31 122 4.4 GHZ  21.33 3.72 221.36 122
® . 26.35 11,36 254,43 122 $3042 24,33 14 2CT.6 122
> 24,88 1C. 31 252,74 122 5.% Sz 23.3) 3.:3 l)E.t: 122
X 24.33 3.7 213,52 122 3.5 GUZ 24.33 7.3 170052 122
24.35 3.7V 1 53.C4 122 6.C J4Z  24.33 ?.45 156.23 122
24055 321 193.53 122 God G5 2343 533 152y 122
24,35 10605 17542 122 2435 6.3t 14TL25 122
FETES I 5 L B [ 122 24.35 sl 00 122
24035 ouTh 192407 122 €8.35 b.i4 2% 2 122
25005 el 120077 122 ;;w_; 3-.-3 -.11..._, ::.:
PLYEY] 5.27 113,53 122 e I ey !
* 25,35 L1 1. K 12 2212 40T 70068 129
RETW $oou 37.5C 1ig ec.2 3o 52 »
’ 25eun Seud T5.43 1" '3-:_’ 383 53.00 1
2,005 Ge00 71,72 "y };-~- Je6d P! 4
254238 1e 0% $).)) 1ty ﬂ. 3.2¢6 ‘f" ;?
PAPY S Je sl ulend 14 w’- 1'.7‘ .
e AT Ve 1.4 1ot 3.1t 3o
¢

IO{y

FREJ. (CHi2)
1.5 3
ded OHZ
4.3 3
§.2 Giid
5.6 CNZ
6.9 JH2
8.4 SHZ
6.3 cuz
7.2 U2
7.6 CHZ
8.6 CAZ
9.6 SHZ

1C.6 CHZ

11.6 SH2

12.6 Sil

15.6 SHZ

14.8 SHZ

15.0 SHZ

16.6 34z

FR23.(CHZ)
1.5 3dZ
4.4 GiZ
4.3 GHZ
5.2 IHZ
5.6 347
6.0 ST
6.4 GHZ
8.3 3u2
7.2 GHZ
7.6 SHZ
3.6 342
9.6 3d2
1C.5 SHZ

1.8 SHZ
12.6 34z
155 342
14.6 2
15.5 SHZ
16.¢& 347

[ZCIDTIUCE AdSLYe SC DECHEIS

Rz(.1)
5.3
5.1
3,49
5.27
3.03
2.33%
2,67
2.54
2.:8
2.2%
1.95
1.74
1.6
1.45
1.33
1,23
1.16
1.0
1.C1

RA(:)
4.C3
2.52
2.39
2.19
2.18
1.96
1.82
1.7
1.63
1.54
1.35
1.21
1.12
1.03
0.93
c.93
C.33
C.93
c.39

AREA(N1#92)
19.C3
7.36
6.53
5.64
5.C4
3.36
3.34
3.45
3.¢7
2.72
2.C3
1.66
1.4C
Vot
1.C6
c.95
c.3%
0.3¢
c.Nn

INCIDZUCE AdSLEe 6C DECRESS

RE()
9.37
5416
5.72
5.43
5.C5
.89
4.15
4.1
3.37
272
.24
2.83
2.63
2.48
2.23
2.C4
1.92
1.3C
1.63

RA(4)
5.27
5.25
3.¢c7
2.33
2.70
2.52
2.3%
2.22
2.1C
1.93
1.74
1.56
1.44
1.32
1.2%
1.2%
1.2C
1.20
1.18

AREA(1**2)
4C.16
15,72
135.35
12,84
1C.74

.2C
3.19
7.3
6.54
5.79
4.43
3.53
2.13
2.43
2.25
2.C1
1.81
1.69
1.5C

INCIDENCE ANGLEe 7C DEGRIES

RURES &} el 8
25
14
13

- —
ErAVITARRIWOVDOOO

XU¥, IRDEP.
41
27
25
24
22
20
'9
18
17
16
14
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[YCIDENCE AUCLEe 1C DTCREZS

rRaQuecyY  kE(A)
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14.6
15.6

6.6
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CHY
SHT
cNS
GHZ
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GHZ
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CHZ
GHzZ
GHZ
GHZ
GHZ
GHZ
CHZ
CH2
GHZ
[+1174

GHZ
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FPREQUSICY RE(1) RA(4)
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9.45
4.96
4.55

[SESESE RV LVLWY O
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ri- 34 e

1.42

FREQUZNCY RE(.I) RA(1)

1.5

o 8 s v s s o
RO NSO WS

SoeuNosavnas

11.6

Sz
GHZ
GHZ
CHZ
cHZ
CHZ
Gz
GHZ
GHZ
GHZ
GHZ
GHZ
GHI
cuz
GH2Z

6 CHZ
6 GHZ

CHZ
GHZ

$1.49
535

5.63

Shhb: PR
N (2] — £ OV wd
wggwmmwhgo-hnu

- NN NN N W
. .

Ra(4)  ARSA(:*®2) Ul LuDEP.
7.7 55.8h 9
4.2 14.26 4
5.1 12.03 4
3.4 10.27 3
3.23 9.€9 3
2,92 7.8C 3
2.90 6.2% 2
2.62 £.59 2
2.43 §.C3 2
2.3 4. T 2
2.0 3.41 2
1.32 2.92 2
1.64 2.47 2
1.%2 1.99 1
1.34 1.63 1
1.28 1.61 1
1.29 1.85 1
1.16 1.35 1
1.03 1.0% 1

INCIDEICE AWGLSe 20 DSCRIES
ARSA(1%%2) UL LuDzP.
S.C8  61.26 17
.21 16.43% 3
3.39 13.92 3
3.57  11.92 7
3.38  1C.46 7
3.C6 8.93 6
2.9 7.20 b
2.74 6.43 5
2.5% 5.3% 5
2.42 5.43 5
2.1C 3.93 4
1.91 3.3 4
1.72 2.94 4
1.5) 2.29 3
1.4C 1.94 3
1.34 1.35 3
1.34 1.79 3
1.21 1.55 3
1.C3 1.2 2
INCIDSHCE AdCLE= 30 DICREES
ARSA(A**2) U, LIDEP.
3,73 13.72 23
4.57 21.02 15
4.23  17.31 13
3.88  15.12 12

. 3.8T 1338 12
5.32 11.49 1"
3.18 3.20 9
2.93 8.22 9
2.1 7.47 9
2.63 6.94 3
2.23 5.C2 7
2.c3 4.30 7
1.37 3.63 [
1.73 2.93 5
1.52 2.48 5
1.45 2.37 S
1.45 2.28 H
1.3 1.93 %
1.19 1.55 4

INMCIDZNCE ANGLE= 40 DEGRIES

RA(M) ARSA(:**2) HUf. INDEP.
9.97 115.¢¢ 48
5.18  50.45 24
4,13  25.9C 22
4.9 21.33 2
4.9 19.27 i)
306 16.62 13
3.5C  15.51 15
3.57 1) 14
5,13 1C.31 1
2.77  1C.CS 14
2.53 7.25 12
2,755 6.21 "
2.1 5.25 10
1.)6 4.2% )
1.72 3.959 bl
1.64 3.43 2
1ot 5.2) 3
1.3) 2.5 3
1.0 2.4 1

FREQUE.CY RE(N)
1.5 G2 14.6)
4.4 GHZ  7.49
4.3 cuz 6.37
5.2 3h2 6.35
5.3 C4Z2 5.04
6.C Gaz 5.63
6.4 Zus $.7C
6.4 SHZ  4.5C
Te2 542 4,43
7.6 Gils 4.2)
3.6 SHZ 3.53
3.6 iz 5.57

18.6 Gilz 3.7

1.6 ¢z 2,76

12.6 CHZ 2.66

13.6 CHZ 2.66
14.5 3HZ 2.55

1905 4% 2,33

1. 37 2.1
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GHZ
9.6 GilZ
1C.6 CHZ
1.6 S
12.6 Cd2
13.6 GdZ
14.6 CHZ
15.6 42
16.0 Gild

3.(c42)
§ SHO

9.6 2z
10.6 GHZ
11.6 GHZ
12.6 CHZ
13.3 cuz
14.6 CHZ
15.6 Su2
16.5 G4

FREQ.(Gi(Z)
CHZ

S5 GHZ
4 GHZ
3 oH2
2 GHZ
o GHU
J GHY
4 312
3 GHZ
2 UHI
§ GHZ
6 Uz
& Gty
6 CH*
6 Ciz
& GH
13.6 Gz
14.6 510
by.s 3N

[P A A

L1930 wiilae 1€ DRIRELS

as(.1)
9.Ct
5.15
2.0
2.1
2.67
2.3
2.2
2.0
2.0
1.9t
1.67
1.43
1.5
1.2%
[
1.CS
c.”
C.33
C.d6

IMCIDENCE AJCLE= 2C DECREZS

a2(4)
5.51
5.48
5.26
3.C5
2.3%
2.65
2.9
2.23
2.24
2.1C
1.35
1.63
1.49
1.3
1.2%
1.15
1.C)
1.C2
C.35

IHCIDZACE AdGLEs 30 DEGRZZS

RE(.1)
6.50
4.C9
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LICIDENCE ANGLE= 4C DECREES

RE(:)
3.32
5.22
4.1
4.60
4.29
5.9
3.73
3.53
3.57
5,17
2.76
2.35
2.2
2.C1
.94
1.74
1.6
1.5¢
(IS

LI Y]
9. 5C
5.0
5.1C
2.6
2.4
2.56
2.7
2.2%
2.13
2.0t
1,716
1.53
1.46
1.34
1.23
1.29
1.22
1.22
1.16

RA(4)
5.56
3.35
5.25
3.CC
2.27
2.58
2.49
2.36
2.23%
2.1C
1.35
1.56
t.53
1.4C
V.54
1.54
1.27
1.27
1.2t

RA(A)
6.C3
3.74
3.53
5.25
3N
2.

s s e v v s e

= NG N &
YEEEERR8LEIN3

o« s .

PO Y L LY

(1)
6.83
4.23
3.99
3.63
.52
5.2)
5.85
2.1
2.74
2.53
2.27
2.C3
1.38
1.72
1.64
V.64
1.56
1.35
t.4)

ARza(.2**2)
0.3}
H.14
T7.2%
6.25
5.53
4.4
4.26
3.2
3.4
5.C2
2.5
1.34
1.56
1,30
1.13
1.CS
2.94
c.n
2.74

ARRA(:4%*2)
24.C6

L LIV X
ToIYovY e

Nl s e onew 8

- D RN SO N O

1.39
1.2
c.¢

AREA(4#22)
30.3¢
1.3
1G.65

3.19
8.21
7.12
6.27
5.62
5.C2
4.44
3.40
.M
2.29
1.91
1.73
1.55
1.39
1.30
1.15

AREA(:10%2)
44.65
17.34
15.42
15..C
11.43
1C.23
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LISIDSNCE ANGLE= 3C DRGREES {HCIDENSE AUCLYe 5C DEGREES
FREQUANSY RE(®) RA(d4)  Arza(iuv*2) Sur.rioEe. PRIQ.(SHT)  RECY) RA(X) AREA(:I**2) 3V LLiDEP.
1.3 GHZ  17.52 11,37 175,408 o5 Yoy SE 11,07 4416 T6.12 45
4.4 32 1C.53 6.1% 51,34 KT 4.4 GHZ T35 5.C5 27.42 29
4.3 CH2 9.79 3.7 43,37 43 3.3 CHZ 5493 3.76 23.1% 2!
5.2 CHZ 3.C5 5.24 5.2 35 5.2 Gill 6.55 4.39 22.56 25
5.6 GHZ .45 4.95 32.9C 32 . 5.6 GHZ 6.11 4.2C  2.15 25
G.C GHY 3.C1 .43 23.23 31 6.C Gilu 3.67 3.92  17.45 22
6.4 GG 5409 4.50 22.57 26 6.4 GHa o33 5.64  15.36 21
6.3 GHZ  6.3C 4.01 20417 25 6.8 Cdz 5.3 3.05  15.73 19
7.2 GH2 5.25 5.75 13,33 24 7.2 GHZ 4.1 35.26  12.29 18
7.6 GHC .11 3.55  17.01 2% 7.6 GHZ 4.5C 3.63  1C.83 17
3.8 S 5.C3 3.63  12.2) 1) 3.6 sl 5.92 2.7C 3.32 15
3.6 GHL 3.79 2.5¢  1C.533 13 9.6 CHC 5.43 2.42 6.53 13
15.6 SHZ 4.50 2.52 8.9C 17 1.5 CiZ 513 2.24 5.61 12
11.56 CHZ 3492 2.5%5 7.7 15 11.6 SHS 2.9¢ 2.05 1.67 11
12.6 GHZ 3.77 2.C5 6.C3 14 12.6 CHZ 2.76 1.96 4.24 11
13.6 GHZ 5,77 1.96 5.3C 14 15.6 GHZ 2.47 1.96 5.79 9
14.6 CHZ 3.65 1.96 5.58 14 14.6 Gliz 2.32 1.86 3.40 9
15.6 GHZ 3.43 1.77 4.84 13 15.6 CHZ 2.18 1.96 3.19 3
16.6 GHZ 3.C5 1.58 3.79 12 16.6 GHZ 2.C3 1.77 2.82 8
INCIDENCE AHGLE= 60 DEGRZES ISCICCZHCE ANCLE= 6C DECREES
FREQUENCY RE(:M) RA(M) ARSA(M**2) HUA.IMDZP. FREQ.(GHZ) RE({) RA(:1) ARSA(4®*2) NUH.INDED.
1.5 CHZ  19.98 15.64 281.43 36 1.5 GHZ 19,29 1€.55 1%53.24 19
4.4 GHZ 17.54 7.93 111.18 % 4.4 34Z  12.32 4.5¢ 62.89 53
4.3 GHZ 16.29“ 7.36 934.2C T 4.3 GIZ 11.59 6.13 55.82 50
5.2 CHZ  15.C4 6.75 T19.75 55 5.2 GHZ  1C.35 5.65 43.16 47
5.6 GHZ  14.€5  6.39  7G.45 61 5.6 GHZ  1C.12  5.41  42.93 44
- 6.0 GHZ 13.31 5.78 6C.4C 59 6.C GHZ 9.59 5.c4 37.2C 41
- 6.4 GHZ 11,10 5.57  438.2C 43 6.4 CiHZ , d.30 4.3 32.75 »
n 6.3 CilZ  1C.o1 5.17 435,06 46 6.3 GHZ 8.42 4.44  29.%7 36
L - 7.2 GHZ  1C.35 4.31  39.12 45 7.2 Gil 7.9 4.2C  26.17 34
b 7.6 Sz 1C.12 4.57 36.28 43 7.6 GHZ 7.45 5.46  23.17 32
s 8.6 SHZ 3.42 3.96  26.19 36 3.5 CHz 6.43 3.4 17.7Y 28
M 3.6 GHZ 7.33 3.6C 22.43 34 9.6 GHZ 5.76 3.12  14.10 25
1.6 Gidz 7.45 3.28  13.95 32 1C.6 CHZ 5.23 2.23  11.93% 23
11.5 CHZ 6.43 3.cC 15,27 23 11.6 CHZ 4.9C 2.64 3.34 21
N 12.5 CHZ 6.24 2.64  12.93 .27 12.6 G2 §.55 2.52 3.0 20
" 13.6 GiiZ 6.2 2.52 12.35 27 15.6 GH7 4.C3 2.52 3.6 13
14.5 CHZ 6.CC 2.52  11.57 26 14.6 GHZ 3.34 2.4C 7.22 17
15.6 GHZ 5.76 2.23 1031 25 15.6 GH2 3.6C 2.4C 6.77 16
18.6 Gi2 5.C4 2.C4 8.C5 22 16.6 CHZ 3.36 2.23 6.¢C 18
IHCIDZICE ANGLE= 70 DEGAZES INCIDEJICE ANGLSe 7C DECREES
FREQUENCY RE{:1) RA(A4) AREA(;1#®2) uUJ4.IuDEP. FREQ.(512) RE(:1) RA(M)  ARSA(X®®2) wud, INDEP.
1.5 GHZ 26.343  24.C2 569.13 124 1.5 CHZ  26.44 15.55% 772.37 124
4.4 GHZ  25.44 11.3Y 276.53 123 &.4 CHT  24.53 9.56 102,74 115
4.3 GHZ  26.34 1C.33 249.31 124 4.3 642 23.93 9.Cy 174.58 13
5.2 GHZ  26.44 9.3 223.C6 124 5.2 GAZ  23.37 9.3C 152.43 1e
5.6 G2  25.34 9.41 2C4.C7 122 5.6 312  21.8C 7.94 135.37 103
8.C GHZ  25.36 8.51 173.33 119 8.C G 20.20 7.40 117.40 75
6.4 CHZ  23.57 8.12 152.24 111 6.4 SiZ  19.14 6.37 1C3.25 9
6.3 GHZ  22.37 7.59 136.27 103 6.3 SHZ 18.C9 6.51 92.50 a5
7.2 SHZ  22.33 7.C6 123.75 1C5 7.2 GHZ  17.04 6.16 82.37 ec
7.6 CHZ 21.30 6.7C 114.71 103 7.6 342 15.99 5.3¢ 72.3% 3
9.6 GHZ 15.09 5.81  82.49 85 9.6 342 13.9C 5.0 55.6C 65
9.6 CHZ 17.C4 5.23 71C.6C 3¢ 3.6 SilZ 12.54 4.55  43.23 53
10.6 GHZ  15.99 4.75 59.%53 75 12.6 G2 1. ) 8.2 ) 53
11,6 CHZ  13.9%C 4.39  47.93 65 11,6 I .27 3.3 %113 FL]
12.6 CZ  13.33 3.36  4C.59 63 12.6 SHI 9.7% 3.63  23.21 46
13.6 GHZ  13.33 $5.59  34.75 63 13.5 SHZ 8.712 3.63  25.22 4
14.6 GIIZ 12,36 5.6 37.2 1 14.6 CHZ 9.2t 3.51  22.6D 39
15.56 342 12.34 3.33  32.32 53 15.6 CHZ 7.63 3.51  21.18 36
16.6 GilZ  1C.7y 2.33 29.26 51 16.6 GHZ 7.13 3,33 WM M
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